AD7431 


EIGHTH  ANNUAL  REPORT 
N000J.4-71-C-0153 


New  Kypof luorites  Containing  Nitrogen 


Department  of  Chemistry 
University  of  Idaho 
Moscow,  Idaho  83843 


Jean’ne  K.  Shreeve 


1  April  1972 


Reproduced  bv 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

Sp'ingli.ld.  V*  :2I5I 


Reproduction  in  whole  or  in  part  is  permitted  for  any 
purpose  of  the  United  States  Government. 


Unclassified 

S«‘«  nniv  l  \  .1  ^*»if  i»‘  :it  !■  *n 


DOCUMENT  CONTROL  DATA  R  &  D 


i  Srfiftlk  >  t-.f  h>nlv  .UivlMr  f  .»» irf  im/i-vm,1  l.i  f/r.n  fl'lis  f  fir  wfiro  flu'  •  n-cr.tr/  Prporf  Is  rf.is.'lffvif) 

I  ONiciNAT'Nf,  4C  TlViTr  ft'uPpeMfP  oiiffmr)  <p.  REPORT  SCCijRi  TY  CLASSIFICATION 

-  .  ,  ,  ,  ,  Unclassified 

university  of  Idaho  _ 

Moscow,  Idaho  03&43  16  OBOUP  .^A 

3  REPORT  TITLE 

NEW  HYPOFLUORITES  CONTAINING  NITROGEN 


a.  Descriptive  NOTES  (7Vp<  uf  rfpoK  «nti  mclujnp  Jciei) 

Annual  1  April  1971  -  31  March  1972 

I  ©•  *uTHoniSi"(fifif  nai rue,  middle  initial.  last  nome)~  _  - 

I  Jean'ne  N.  Shreeve 


©  "tPOR  T  D  A  T£ 

1  April  1972 

6a.  CONTRACT  OR  GRANT  NO 

NOOCi4-?l-C-0153 


b.  PRO J  EC  T  NO 


None 

None 

None- 


?a.  total  no  op  paces  ?b.  no  or  reps 

109  170 

9a.  ORIGINATOR’S  REPORT  N  UM  0  E  R  131 

Eighth  Annual  Aeport  -  l  April  1972 


9b.  other  REPORT  nOIS)  (Any  other  number*  that  may  be  a*  signed 
thl*  reportl 


IC  DISTRIBUTION  STATEMENT 

Distribution  of  this  document  is  unlimited. 

11  SUPPLEMENT  Artf  NOTES 

12  SPONSORING  Ml  L  1  T  ARY  ACTIVITY 

None 

Office  of  i.aval  research 

Power  Branch  (Code  473)  j 

13  AO  U  TRACT 

Arlington,  Virginia 

Dimethylchlorotin  carboxylates ,  (CH-j^ClSnOOCR;  R  =  CH^,  CF^,  ^2^5’  C3F7,  CF2CI, 
CHjCl,  CHCI2 ,  CCI3,  CH2Br,  Cl^I,  are  prepared  by  heating  trimethyltin  chloride  with  an 

excess  of  the  appropriate  acid  at  100° .  These  compounds  have  been  studied  by  and 
19F  nmr,  infrared,  and  Mossbauer  spectroscopy.  Based  on  this  spectral  data,  in  the 
solid  state  or  in  methylene  chloride  or  chloroform,  penta-coordinate  tin  is  present. 
The  solids  are  polymeric  with  bridging  carboxylate  units.  In  solution,  the  non- 
fluorinated  carboxy late-containing  compounds  are  very  likely  chelate  monomers, 
while  the  remaining  compounds  retain  polymeric  character. 

Mixed  phosphorus  chloride  fluorides  undergo  ready  reaction  with  sodium  azide  to 
provide  an  excellent  route  to  new  azide-containing  compounds,  including  F9PNt, 
FjPCCON^,  FPCOHN^)^,  FPCSMN^^*  In  addition,  the  previously  reported 
is  easily  prepared  by  this  method.  F2PN3  has  particularly  limited  stability. 

Hexaf luoroisopropylideniminolithium  reacts  with  disulfur  dichloride  to  give 
bis (hexaf iuoroisopropylidenimino) disulfide  which  undergoes  two  different  types  of 
reactions  with  chlorine  to  yield  bis (2-chlorohexaf luoroisopropylimino)sulf ur(IV)  and 
chloro(hexafluoroisopropylidenin-.ino)sulfur (II) .  The  latter  gives  new  sulfur(II) 
compounds  with  reactants  that  contain  active  hydrogen  or  with  silver  salts. 

{CF3) 2C=NSC1  is  readily  converted  to  (CF3)2CF=NSF2  by  fluorinating  agents. 
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dif luoroaminocarbonyl  pseudohalides 
tetrafluorourea 
chlorocarbonyl  f luorosuli'ate 
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13.  Abstract  Continued 


Long  range  spin-spin  coupling  of  fluorine  on  terminal  CF^  groups  separated  by 
ten  bonds  is  observed  in  the  r  nmr  of  the  new  sulfur  diimide  (CF3)2CFN-S“NC(CF3)2N=C(CF3) 

Isolation  of  six  extensively  rearranged  products  (I-VI)  from  reactions  of 
sulfur  tetraf luoride  with  hexaf luoroisopropylideniminolithium  demonstrates  that 
•  simple,  metathccical  reactions  do  not  occur.  A  possible  mechanism  is  proposed. 

Similar  rearranged  products  (VII-IX)  form  from  the  lithium  salt  with  CF3SF3  and 

.  (CF3>2SF2.  Long  range  coupling  of  nuclei  separated  by  10  0  bonds  is  observed  in 

the  ^F  nmr  spectrum  of  (HI) . 

(CF^)  2C=NS  (O)OLi  and  (CF3)  2ONC  (O)OLi  which  result  from  insertion  reactions  of 
SC>2  and  C02  with  (CF^) 2C=NLi,  react  with  SOCI2  and  COCI2,  respectively,  to  prepare 
the  heretofore  unisolable  intermediates,  (CF^^CCC^NSO  and  (CF^^CCCDNCO. 

Improved  yields  of  NF2C(0)C1  are  obtained  by  short  term  ( A— 6  hr)  photolysis 
of  with  oxalyl  chloride.  Reactions  of  NF2C(0)C1  with  AgCN ,  AgNCS,  AgNCQ, 

Hg(SCF3>2  and  Hg (ON ^3)2) 2  give  the  new  dif luoroaminocarbonyl  pseudohalides: 

,NF2C(0)CN,  NF2C(0)NCS,  NF2C(0)NC0,  NF2C(0)SCF3,  and  NF2C(0)0N(CF3)2.  With  excess 
of  either  Ag20  at  0°  or  HgO  at  -78*,  NF2C(0)C1  is  converted  to  (NF2)2CO  and  C02  in 
"nearly  quantitative  yield.  Chlorocarbonyl  fluorosulfate  results  when  NF2C(0)C1  is 
mixed  with  $20^2  or  B1OSO2F. 
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CHLCRODIFLUOSAKIhF.  AK:  DIFLVORC  I- 1  kZ  „N2 

Leor.  M  Zatorowski *  Ronald  A.  Da  Marco*  and  Jean!ne  M- 

Max  Luatig* 


CMorodl  fluorosine  has  been  prepared  by  reaction  of  difluoraaine 
12  2 

with,  boron  trichloride  ,  phosgene  or  hydrogen  chloride  t  touting  a 

mixture  of  podium  azide  and  aodium  chlorj.de  with  fluorine'?  ruction 

4 

of  chlorine  trifluorldr  with  ammonium  fluoride  ;  rractior.  of  chlorine 

ar.d  d  1  f luoramine  la  the  pnaer.ee  of  potaanium  fluoride'’;  and  photolysis 

of  tetrafluorchydratine  and  svlfinyl  chlonae.^ 

Dlf luorod la*  1  r.e  haa  been  prepart-i  by  the  thrr~al  decotr.por-1  ‘ Ion  of 

fluorine  azide',  elentroiyai a  of  ammonium  hydrogen  fluoride;  ;  reaction 

q 

of  nitrogen  trifluoride  vith  mercury  vaper  In  an  electric  di:  ch  rge  , 
dehydrof luonnr t ion  of  dif luorarciae10,  treet-mt  of  a  solution  of 
N,N-difluorouree  with  a  concentrated  potaeaijit  hydroxide  solution11, 
reaction  of  eodium  aride  end  fluorine1^,  daconpoelt  Lon  of  NjFiSbjF^1^, 
and  reaction  of  tetrafluorohydracir.e  and  exceaa  aluminum  chloride  at  -?8* 
However,  each  of  theaa  method#  suffers  fro®  or.e  or  more  disadvantages 
including  low  '  ’  *  **  or  erratic  yielda,  tendency  to  ei-piode-5*  *  , 

use  of  a  very  hazardcua  reagent1 ^ ' 10  ( difluoramj  r.e  is  extremely  shock 
sensitive  aa  a  aolld),  and  indirect  method  of  preparation1^. 

The  following  are  convenient  methods  for  the  preparation  of 
chi orodl f luoramine  and  difluorodiatine  in  reproducibly  good  yields  by 
the  reaction  of  dlfluoramidcfluoroeulfate  with  eodium  chloride  ora  the 
photolysis  of  tetrafluorohydrazlne  and  bromine.. 


(*)  Department  of  Chemistry,  University  of  Idaho*  Moscow,  Idaho 

(#)  Department  of  Chemistry,  Moaphis  State  University,  Memphis,  Teno.  36111 
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CAUTION.  Car*  should  tot  txarclsad  Id  handling  tetrafluorohydraaina, 
ohlorodlfluoraaint  ssd  difluorodiaain*  sine*  !Uh*log«a  compounds  nr* 

Known  to  axhiMt  axplosive  propartles.  Any  apparatus  us*d  should  ha  claan 
and  fra*  of  organic  arterials.  Liquid  nitrogen  should  ho  used  for  con* 
deneing  reagent*. 

PROCEDURE 

In  the  following  procedure*  a  standard  glass  vacuus  line  with  high* 

vacuus  stopcocks  (lubricated  with  Kel-F  90  greas*  )  is  used.  Luo  to  tha 

reactivity  of  many  of  the  compound b  with  sercury,  it  is  convenient  to 

16 

use  s  null  point  pressure  device,  such  as  s  Booth-Croser  pressure  gauge 
or  spiral  gauge.  A  mercury  nanometer  covered  with  Kel-F  3  oil*  can  be 
usedo 

A.  CHLGRCDIFUJCRAMINE 

2N»  T%  ♦  2SOj  — 2NFi  OSOi  F  ♦  N,  Fj 

NF.030.F  e  N.C1  -SStSL  ** ' 61  *  H’0S0>  F 

Dlfluoremidof luoroaulfat*  Is  prepared  by  the  photolysis  of  tetra- 

17 

fluorohydraein*  and  sulfur  trioxld*  (55%  yield)  or  essentially 
quantitatively  by  the  reaction  of  H»  F,  and  peroxodi aul furyl  dlflusrld* 

(S,0*F,  ).18 

•  a 

A  >00  si  Pyrex  glass  vessel  fitted  with  a  Teflon  stopcock  and 
containing  a  Te flcn» coated  atirring  her  la  charged  with  exesas  reegsnt 
grads  sodiua  chloride  f0.052  sols).  After  evacuation  on  tbs  vacuus  line, 

5  si  of  dry  acetonitrile  followed  by  difluorasidofluoroaulfete  (0.010  sols), 
are  diet  Hied  into  ’he  vessel  which  is  at  -195* •  The  mixture  is  wnrsed  to 
room  temperature  and  la  stirred  with  a  sagnetlc  stirring  device  for  two 
hr  (behind  a  safety  anield).  The  volatile  cospounda  are  raneved  kiu^pr  static 


(*)  Minnesota  Mining  and  Manufacturing  Coapany 

(••)  Fiecher  and  Porter  Co.,  Warminster,  Pa, 


7 


v'.c  iu«  from  the  reaction  vessel  h-1 1  at  -??•  (to  retain  acetonitrile)  to 
>i  tr-41  at  -195“«  Then  «s  the  latter  warns  from  -195®»  the  materiel  In 
separated  V-  passing  through  tr*ps  at  -135  arid  195°«  The  firtt  trap 
cortalna  acetonitrile  and  art/*  11  .ir.ounts  of  unreoeted  starting  materiel 
vi.  ili  the  tri  p  at  -195*  will  h’>va  pure  chlorodlflnor/mine  (0.0094  «ole, 

>  °<Y'-)  ,  7  Nrj  Cl  pasrra  the  trap  at  -135*  slowly  under  goo-1  vacuum, 

Al trough  cu loro  1 1  f  1 '-or amir.e  ear.  be  stored  for  long  p*- rio.lr*  in  Pyrex  at 
-1Q5#.  for  re-rona  of  a  fety,  it  is  suggested  t.  -t  only  smell  ••mount* 

(  <  0.01  mol*-!  be  retained. 

B.  :>I  •  I  VC’i’COT A31N  \ 

Nj  F*  *  Brj  !ij  r, 

e *••.**:. t  gr°de  brortn*  is  use  i  without  further  *ur  i  f  ic- ti^n.  It 
can  hr  stor'd  under  static  vacuum  for  lor.g  period*  m  room  te-per..ture 
in  cn  ordinary  lyrex  tube  ev-’PP'd  with  a  7<  flon*  rto  rock.  Y-trafluorO- 
hy't  r»t  7  l  ne  *  *  lc  ue:».  d  without  furth'r  purification. 

I  h.ovolyslr  is  carried  out  ir.  on  £50  ml  Pvrex  vrsiel  equipp'd  with  a 
watfr-coolM  qrrtt  prot’.  ?h.»  ultr'-violct  light  sou-re  is  a  45C-w  leap*** 
with  a  Vycor  filter***.  To  reduce  the  dangers  from  a  possible  ex^loaion 
or  eye  ii.-rigr  from  ultraviolet  ra dir.tion,  the  renctio:  vessel  s-.rwr.  in 
Firure  ___  is  c :  r.t  0  ir.ed  in  .a  voodvn  box. 

T"e  photolysis  bulb  is  connected  to  the  vacuus  line  via  n*lo/30 
et«ndcrd  hiy  r  joint  r.nd  is  evseuatcl.  Bromine  (0.0C-4  .role)  an  tetr'* fluoro- 
hyrlra  e is**  (•">.''02  col-)  *rt  condense!  vr.to  the  cold  finger  (A)  ot  -195*. 

The  mixture  expands  into  the  bulb  as  It  warns  to  rooe  tempers ture.  The 
lamp  is  t  i  r.-d  on  only  after  the  Vycor  filter  is  in  ;1  ce,  the  cold  tap 
water  is  p  ss  ir.g  tr rough  the  water  jaefce  ,  and  the  reagents  are  at  room 
temper’' ture .  Fhotolv«is  time  for  »r  8'0-ul  bulb  is  about  90  min. 


(*)  -V-cher  r*n-l  !  orter  Co.,  War-.,  i  nr  t-r  ,  Fa. 

(**)  Air  Prolucts  and  Cnenirals,  Allentcwn,  Pa. 

(**•;  -  novia  L-fc',9-«Jn  and  filter  7Q10,  !»*rovia  I.amt  Division,  Engelhard 

hur.ovic,  Inc.,  Engelhard,  H.  J. 
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After  the  photolyala  la  completed,  the  reaction  mixture  la  tremm- 
far -ad  under  dynamic  vnccua  to  a  trap  at  -195*  •  The  aaall  amount  af 
nitrogen  foratd  In  the  reaction  la  expelled  by  the  pumping  system*  The 
mixture  la  allowed  to  warn  alovly  to  roon  tenparature  (an  enpty  Dewar 
cooled  to  -195*  with  liquid  nitrogen  la  convenient)  and  a  trap-to-trep 
aeparatlon  la  perforaed  ualng  trapa  at  *140  and  *195**  The  first  trap 
containa  N» 0*  and  Bn  .  The  photolyala  veaeel  contains  a  white  solid, 
probably  (N0)|  S1F*  • 

Dif luorodlanlne  aentaainated  with  SlTk  and  HFj  la  held  at  -195** 

This  mixture  la  paaaed  through  a  aodiua  fluoride  trap  to  remove  S1F*  by 
the  foraatloa  of  Na*  31F* •  Difluorodiaalne  aaj  be  aeparated  froa 
nitrogen  trlfluorlde  by  gaa  ehroaatogrphy  ueing  a  25  ft  x  0.25  in* 
aluminum  or  copper  column  packed  with  20%  FC-4J*  on  acid-waahed 
Chroaoeorb  P.  A  hellua  flow  rata  of  0*5  ce/aec  ie  used  and  the  column 
la  held  at  -6j* •  Nitrogen  trifluoride,  trana-dlf luorodienine  and  £la- 
dlfluorodiaxlne  elute  in  that  srdar.  The  yield  la  70%  difluorodiaalne 
(53#  trene) . 

With  e  5-1.  bulb,  using  0.015  mole  breaiae  end  0.009  aole  tetra* 
fluorohydrasine,  the  eaae  yield  reeults  after  90  min  of  photolyala* 

Although  difluorodiaalne  can  be  stored  for  long  periods  in  Pyrex 
glass  at  -195*  or  in  metal  at  room  temperature,  for  reaaona  of  safety, 
it  le  suggested  that  only  aaall  amounts  (  0.01  mole)  be  retained. 

PROPERTIES 

Chlorodif luoraaine  ie  e  white  solid  at  -195* »  a  colorless  liquid 

at  -184*,  end  bolls  at  -67*.  The  vapor  pressure  curve  is  given  by  the 

equatiou  log  P  •  ♦  7.478,  Tha  infrared  spectrum  consists  of  the 

mm  -j— 

(*)  Minnesota  Mining  and  Manufacturing  Coaneny. 

The  checker  reports  substantially  identical  results  uairg  perfluorotri- 
tartiarytutylattina  on  Cbroaosorb  P. 


the  following  paakai  3 #53  w»  1755  w*  1695  *«  1372  w,  926  a,  855  •*  746  *» 
694  a  ea"^.^  Tha  ^9F  nsr  abowa  a  broad  triplat  cantered  at  -141.5  ppm 
rslativa  to  ar.  Internal  reference  of  CClyF. 

Cie-difluorodlatine  ia  a  colorlaaa  liquid  at  -195°  with  a  boiling 
point  oi  -105. ?••  Tha  vapor  praaaura  curve  follows  tha  aquation  log  PmM 
.  zip*  .  7.675,  The  infrorrd  apactrua  conniste  of  tha  following 

pa  aha  t  1538  w,  1513  v,  954  a,  904  a,  883  a,  738  to  ca'1.20  Tha  19r  nar 
ahowa  a  broad  triplet  centered  at  -136*1  ppn  relative  to  an  internal 
raferanca  of  CCljF. 

Trana-difluorodlatina  ia  a  white  aolid  salting  at  -172*  and  boiling 
at  -lll«4*.  Tha  vapor  praaaure  curve  ia  given  bj  the  equation  log  PM 

n  up  30 

a  '  1 ♦  7,470.  Tha  infrerad  apectrus  ia  a  strong  band  at  995  os  « 
Tha  19F  nsr  given  a  broad  triplet  centered  at  -94.4  pps  relative  to  an 
internal  rafererce  of  CClyF. 
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BIS  (TRIFlUOROftETHYL)  SULFOXIDE 

Dennis  T.  Sauer*  and  Jean'ne  M.  Shreeve* 

BLa(crlf luoromethyl)  sulfoxide  has  been  previously  prepared^' by  Che  elemental 
fluorlnatlon  of  blsftrlfluoroaethyl)  sulfide  at  -78*  la  he xafluo roe thane  followed 
by  subsequent  hydrolysis  of  the  bls(trlfluorota*thyl)eulfur  difluorlde.  This 
method  suffers  from  the  fact  that  elemental  fluorine  must  he  used,  a  solvent  Is 
needed  end  yields  are  low. 

Oxidation  of  bls(trl  f  luorome  thy  l.‘  sulfide  with  commercially  obtainable  chlorine 
monofluoride  In  the  absence  cf  solvent  yields  bls(trlf lueroaethy l)sulf ar  difluorlde 
in  >  902  yield. Pure  bie(trif  luorocethyl". sulfur  difluorlde  Is  resistant  to 
hydrolysis  and  is  stable  storage  In  Pyrex  at  25*  for  extended  periods  of  time. 
Reaction  of  bis(trif  luorc*~.  .hyijaulfur  difluorlde  with  anhydrous  HC1  In  a  clean 
Pyrex  bulb  results  in  the  formation  of  bioftrif luoromtny  1)  sulfoxide  in  good 
yield.  This  preparative  method  has  been  extended  resulting  in  the  preparation 
of  CF3S(0)C2P5,  CF3S(.0'ri-C3F7  and  C^S <0)C2Fs  ,2’  3 

GENERAL  PROCEDURES 

0  0 
CFjSCl  +  AgOCCFj  - >  CF3SOCCF3 

0  hv  . 

CFjSOCCFj  - - >  CP3SCT3  +  t°2 

-78*  to  25* 

CF,SCF,  +  2  C1P - b  ,  CF,SF,CF,  +  CK 

10  hr. 

Pyrex 

CF3SF2CF3  4  HC1  - »  ICF3£C12CP3)  4  2  HF 

4  HF  4  bl02  - 1 - *■  2  H20  +  SiF^ 

|CF3SC12CF3]  4  H20 - a  CFjS(0)CF3  4  2  HC1 

*  Department  of  Chemistry,  University  of  Idatio,  Moscow,  Idaho  83843 
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Bis(tn fluoronethfl)  sulfide  was  prepared  by  the  photolysis  of  tviiluoro- 

^  S  6 

nethy isulfenyl  trlf! uoroace cate .  Other  preparative  methods,  ’  have  been 
difficult  to  reproduce  or  produce  the  monoeulflde  in  small  yield.  Oxidation  of 
bl*(trl  fluoroire  thvl)  aulflde  with  chlorine  oonof lucrlde  proceeds  smoothW 
the  metal  reactor  containing  the  mixture  la  slowly  warred  from  -78  to  21* 
over  10  hours.  No  cleavage  products  are  formed  and  th desired  bia(ttifluoro- 
methyl)sulfur  di*;uoride  Is  Isolated  in  >  90“  yield.  Th?  reaction  of  the 
aullur  dlf  luomlo  with  anhydrous  HC1  to  produce  hls(trif)u)romethyl)  sulfoxide 
la  presumed  to  proceed  through  the  bia (t rt f lucroc*  thyl )sul f u;  dlchiorlde 
intermediate.  Since  HF  Is  produced  when  HCl  reacts  with  bls(tilfluc-rorethvl)- 
aulfur  dl fluoride  In  Pyre*,  water  la  formed  which  results  in  hydrolysis  of  the 
blaftrlf luoronsethy  l)aulf  or  dlchiorlde  intermediate.  Attempts  to  Isolate  the 
sulfur  dlchiorlde  Intermediate  by  reaction  of  1!C!  and  blsftrlf luoronethyl)sul fur 
difluorlde  in  che  pretence  of  NaP  In  a  nickel  bomb  resulted  In  the  formation  of 
bisftrlf luoromethvl)  aulflde  and  chlorine  quantitatively. 

0 

CP^CCVj 

Procedure:  Ten  mmolea  of  trifluoromethylsulfeny 1  chloride*  (CF-jSCl)  is  reacted 

*  • 

with  excess  sliver  trl f luoroacetsce  av  23  C  for  10  minutes  In  a  cne-liter 

Pyrex  vessel  to  produce  trlf luonmethy isulfenyl  trlfluoroacetate  (CFjSO^CFj) 

O 

quantitatively.  C^^SOCCF^  may  be  freed  from  trace  amounts  of  CF^SCI  by  passage 
through  a  -?8*C  (acetone)  slush  bath  which  retains  the  pure  CF-jSO^CPj. 

Properties:  Trlf luorome thy isulfenyl  trif luoroacetate  is  a  colorless  liquid  at 
23*C.  The  19F  NMR  resonances  occur  at  47,3  ppm  (CF3S)  and  76.3  ppm  (CP^C(O.'O) 
wlch  ni>  coupling  observed  between  the  tri f luoromethyl  groups.  The  In'iarec 
spectrum  consists  of  bands  at  1833  (m) ,  1803  (w,sh),  1317  (v) ,  1246  (m-s), 

1202  (vs),  1190  (s,sh),  1120  (m-s),  1069  (s),  833  (w) ,  7b3  (w-m)  and  720  (v)  cm" 

^Peninsular  ChtmResearch 
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CPjSCFj 

Procedure:  Tea  Moles  of  trlfluoronethylsulfenyl  trif luoroecetete  ere  photo- 
lysed  for  3/4  hour  through  Pyres  with  e  tUnovle  ''Utility"  Ultraviolet  Quarts 
Leap  (140  watt)  producing  bis  (trif  luoroesethyl)  sulfide  and  CO^  quantitatively. 
Pure  bls(trlfluorowethyl)  sulfide  la  retained  in  a  -1C0*C  slush  bath  (diethyl 
ether)  while  CO^  slowly  aubllses  into  a  -183*  bath  during  trap-to-trap 
distillation. 

Properties:  Bls(t.*lf  luoroawthvl)  sulfide  exists  as  e  colorless  gas  at  rood 

t tape  rot ure  end  condenses  to  s  colorless  liquid.  The  vapor  pressure  of  bia- 

(tri f luorenethyl )  sulfide  Is  given  by  the  equation  lo»;  PM  »  7.82  -  123d. \fl 

3  19 

f ran  which  the  h.\>,  is  celoulsted  ss  -22.2*.  The  '*  NMR  consists  of  e 
single  resonance  at  38.6  pp®.  The  infrared  apectrue  contains  bonds  at  1220  (a), 
1198  (vs),  1160  (s),  1078  (vs),  758  (») ,  and  475  (w)  . 

Procedure:  Reaction  of  bis(trlf luoroaiethyl)  sulfide  tilth  chlorine  aonofluorlde 
la  carried  out  In  a  71  el  stainless  steel  Hoke  boaib.  The  boatb  is  evacuated  and 
In  a  typical  preparation,  10  Moles  of  bis  (trif  luoroatthyl)  sulfide  and  22  Moles 
of  chlorine  aonofluori'.e  are  added  at  -183*C.  The  vvssel  is  then  warned  to 
-78*C  and  alovly  allowei  to  warn  to  25*C  over  a  10  hou"  period.  The  product 
Mixture  is  first  separated  by  fractional  condensation.  Tha  bis(trlf luorcmethyl)- 
sulfur  dl fluoride  (CFjSR,CFj)  Is  retained  in  a  -98*  slush  bath  while  any 
atreacted  CF^SCF^,  C1F  a\d  Cl2  pass  Into  a  -183*  bath.  The  CF^SF^CF^  nay  be 
further  purified  by  gas  chromatography  utilizing  s  17  tt.  201  Kel-P  Oil  (34  Co.) 
oo  ChTomasorb-P  coition.  Ilnel  purification  gives  CF^SFjCFj  In  >  90S  vleld 
based  on  the  otount  cf  eoiovulflde  used. 

*0*ark  Mahoning  Conpany 
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Properties:  Bis(trlf luoro®ethyl)sulfur  di fluoride  is  «  colorleee  gee  *t  25*C 
which  condenses  to  a  colorless  liquid.  A  boiling  point  of  21*C  is  calculated 
fro®  a  Clauaiue-Clapeyron  plot  according  to  the  equation  log  P,*  •  8.00  -  1507/T- 
19F  MHR  resonances  at  58.0  (CF^)  and  14.2  pp®  (SF2)  integrate  to  the  proper 

6:2  ratio  with  •  19.5  cpa.  The  infrared  spectrin  contains  bands  at  1281 

5F2~CF3  -] 

(vs),  1260  (s),  1215  ( »-s),  114*  (e) ,  1081  (vs),  766  (e) ,  677  (a)  and  507  (■)  cn 

CP3S(0)CF3 

Procedure:  Four  anoles  of  bls(trifluoraMthyl)sulfur  dlfluorlds  reset  with 
16  BBoles  anhydrous  HC1*  in  a  clean  one-liter  Pyre*  vessel  for  24  hrs  to  glv® 
bis(t rif luorooe thyl)  sulfoxide  in  701  yield  The  bis(trifluoro®ethyl)  sulfoxiie 
is  purified  by  fractional  condensation.  The  desired  sulfoxide  is  retained  In 
a  -78*C  slush  bach  while  any  unreacted  HC1  and  CF^FjCF-^  pass  into  a  -183* 
bath.  Further  purification  by  gas  chromatography ,  utilizing  a  17  ft  202  Kel~F 
on  Chrottasorb-P  coliaan,  enables  Isolation  of  pure  CP3S(0)CFj.  When  this 
reaction  is  carried  out  in  a  metal  boob ,  no  sulfoxide  la  formed.  The  product! 
Isolated  were  identified  as  CP^SCF^,  Cl  2  and  unreacted  UC1, 

Properties:  Bls(trlfluoroMthyl)  sulfoxide  la  a  colorless  liquid  at  25*.  A 
normal  boiling  point  of  37.3*C  la  calculated  fro®  a  Clausius- Clapeyron  plot 
according  to  the  equation  log  P—  ■  7.66  -  1483>’T.  Conformational  spectral 
properties  include  a  aolecular  ion  in  the  oasa  spectrtai  (2.12)  and  a  single 
l9F  resonance  at  64.5  pp®.  The  infrared  spectru®  contains  bands  at  1244  (vs) 
1191,  1167  (doublet,  e),  1121  (®-s),  1105  (vs),  752  (v)  and  468  (w)  a"1. 
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Preparation  end  Spectral  Studies  of  Dixethylehiorotin  Carboxylates 

*7 

Charlene  Shiow-ehyn  Wang  and  Joan* no  M.  Shreeve 

Summary 


yi- 

tin  chloride  with  an  excess  of  the  appropriate  acid  at  100**  These  com¬ 
pounds  hove  been  studied  by  end  ^  nmr,  infrared,  and  MBssbauer 
epoctroeeopy ,  Bamad  on  this  spsetral  data,  in  the  solid  state  or  la 
methylene  chloride  or  chloroform,  penta-ecordlnate  tin  le  present*  The 
solids  are  polyaarlc  with  btidgirg  cirooxylat*  unite.  In  solution,  the 
nonf luor lnated  serboxylata-concai fling  Compounds  r»  very  likely  chelate 
monomers,  while  the  remaining  compound*  retain  polymeric  character* 


Dimathylehlorotln  earboxylataa,  (CH,  )*  CISiOOCRt  R  »  CH,  ,  CF,  ,  Cj  Tt  ,  CjF- 
CFjCl,  CHjCl,  CHClj  ,  CC1,  .  CRjBr,  CR|  I,  are  prepared  by  heating  trlmeth 


Introduction 

flalkylchlorotin  carboxylates  (8* ClSnOOCS* )  have  been  prepared  by  a 
variety  of  methods  including  the  reactions  of  dialkyltln  dichlorldes  with 
carboxylic  soldo  or  salts  of  these  aeids.^  Recently  we  report ;jd*  the  syn¬ 
theses  of  dlorganoehlorotln  cerboxylstes  in  high  yisli  via  the  reactions 
of  triorganotin  chlorides  with  carboxylic  acids  which  involve  the  rather 
unexpected  displacement  of  sethea*^ 

(CHj  )  j  SnCl  v  RCOjR  (CB)  )i  SnClOg  CS  *  CH, 

R»CEj  ,  CF, ,  CtF,  ,  C,F?t  CFiCl,  CE*C1,  CHCli  ,  CC1,  ,  CHiBr, 

CH*  I 

This  is  particularly  interesting  when  the  dialkylchlorotin  product  is 

compared  with  the  trimethylsilyl  perfluoroscetete  obtained  in  tfOii  yield 

4 

from  the  analogooa  reaction  with  trlmethylcblorosilane  and  CF»  ::00B  with 
r.ydro^en  chloride  as  the  only  other  product* 
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Sora  of  tha  structural  aapoct*  of  orgaaotln  cfomh  karat  bora  reviewed 

by  Qkreara  rad  tfada.3  Extensive  work  oa  the  infrared  aa  wall  aa  nuclear 

magnetic  raaooraca  rad  > ran  epaetra  rad  I-ray  data  confirm  that  moot  eompovada 

of  tha  typa  R^SnCOjl  '  occur  a a  polyraric  aolida  (pentacoordiuated  tin)  with 

6-14 

planar  trimethyl  and  bridging  caeboxylate  groups.  In  aolutioo,  or  la  tha 

liquid  phase,  the  compounds  are  aoaorarlc.  Formation  of  tba  polyaarlc  at  rue - 
turn  lc  lapadad  by  atarlc  tdndrraca  of  balky  alkyl  groups  rad  also  dan a  not 
occur  with  thio-  or  dithio-acatatas .  Tnua ,  ItFr^SnQhc  waa  round  to  exist  oa 
a  aonorarlc  liquid  at  25*  rathor  than  aa  a  fire -coordinate  polyrar.  Infrared 
apactral  atudlee  of  halogen-substituted  tribctyl  tin  acatataa  also  Indicate 
four  coordlnnta  a cruet urea  in  solution. 13  Xa  coatrrat,  tha  structure  of 
compound*  of  Che  typa  RjClSnCC^t'  M  rt ought  to  be  five  coordinate  rad 
aonorarlc  in  solution,  pwauaably  with  chalet*  c  art  oocy  late  group*.16 


a 

o 

ci  so  or 
o 
e 


K  •  CjHj,  H 

a'  •  cu3 


We  hare  now  prepared  tan  compound*  of  chla  typa  where  a  la  rathyl  and  R*  1* 
a  variety  of  haloolkyl  groups  rad  hare  attempted  through  available  apactral 
techniques  (vibrational,  rasa,  tuar  and  KBsabauar)  to  aacabllah  the  structure 
of  thcaa  rata rials .  We  report  oar  conclusions  below. 
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Experimental 

Preparation  o£  Dimethylehlorotln  Carboxyls tee 

A  standard  Pyrca  glasa  high  vacuus  system  was  used  for  manipulating  volatile 

materials  and  for  aaparatlng  the  volatile  products.  All  of  the  d iso  thy 1- 

chlorotln  carboxyls tea  srs  prepared  by  sssllng  tbs  reactants  in  a  thick 

walled  Pyrsx  tuba.  £.C.t  trlmethyltln  chloride  (3.94  aaol)  and  an  excess  of 

trlfluoroacetic  acid  (19.1  asol)  wheq  haatt d  at  100°  for  several  hour*  for* 

■ethane  (3.94  nmol)  quantitatively  aa  measured  by  PVT  techniques.  The 

excess  scld  is  removed  undsr  vacua  with  concomittant  heating  when  required. 

essentially  100X  conversion  to  the  dimetk/lchloritln  trlfluoroacatate 

(3.94  saol)  occurs.  With  the  exception  of  the  dlmathylchlorotiu  nonohalo— 

acetates  (^  60Z  yield  based  on  the  amount  of  trlmethyltln  chloride  converted). 

all  preparations  are  essentially  quantitative.  Lower  yields  are  due  In  part 
to  the  necessity  for  aubllsinf  the  product  from  the  reaction  vassal. 
Preparation  of  Trlmethyltln  Acetate 

An  exeese  of  glacial  acetic  acid  is  added  to  a  pyridine  solution  of  trl- 
methyleln  chloride  (2.S  maol/cc) .  Altar  stirring  for  ssvural  minutes,  a 
white  solid  precipitated  free  solution.  Purs  trine thy itin  acetate 
(1.9  nmol)  was  obtained  by  crystallisation  from  water. 

Methods 

Elemental  analyses  o!  dine  thy lchlorotln  perf luorocarboxylatea  and  chloro- 
dif luoroacetate  wars  performed  by  tiler  Mlkroenalytlachaa  Laboratorlum, 
GOccingen,  Cermsny.  Other  coapeuriJa  ware  analysed  by  Bernard  Schecter  of 
this  department.  Sooe  chlorine  analyses  ware  determined  by  using  Volhard's 
method.  The  elemental  analyses  and  melting  point  data  are  glveo  in  Table  1. 
Melting  points  of  the  solid  compounds  vera  determined  by  using  a  Thomas 
Hoover  capillary  melting  point  apparatus. 

l'J 
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TABLE  1.  Elemental  Analysis  of  DLaethylchlorotln  Carboxylates  (Cts ,^)  2snC  1  (Oc!i 


R 

s i p* i  C 

C 

H 

Cl 

Sn 

F 

CF3 

118 

lb. 21 

♦ 

2.13 

12.12 

40.11 

19.4 

(16.15) 

(2.02) 

(11.93) 

(39.94) 

(19.18) 

C2F5 

103-104.5 

17.26 

1.90 

10.41* 

33.81 

27.1 

(17.28) 

(1.73) 

(10.21) 

( 34 .  r>> 

(27.  37) 

C3F7 

115 

18.24 

1.54 

8.96* 

29.31 

33.0 

(18.13) 

(1.51) 

(8.93) 

(29.59) 

(  33.49) 

CF,C1 

a. 

128-129 

15.22 

1.94 

22.49 

37. 49 

12.1 

(15.31) 

(1.93) 

(22.63) 

(37.81) 

O'. 11) 

CU3 

187-188** 

— 

— 

— 

— 

CH,C1 

129-130 

17.52 

2.93 

(17.29) 

(2.90) 

ci»ci2 

130-131.5 

15.60 

2.52 

(15.38) 

(2.26) 

°C1  3 

196 

14.05 

1.76 

(13.85) 

(1.74) 

CHjBr 

114-117 

15.04 

2.55 

(14.90) 

(2.50) 

• 

Clljl 

12  7-128 

13.55 

2.60 

(l 1.00) 

(7.18) 

(  )  calculated  percentage 
*  determined  by  Volhard  method 
**  literature  184-18<?*7 
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Infrared  spectra  war*  raeordad  bp  aslng  a  Parkin  Elmer  Modal  621  grating 

apactrophotoaatar  with  a  range  of  4OCQ-2J0  c»~^.  Spaotra  vara  calibrated 

from  known  peaka  of  a  polystyrene  film.  Spectra  of  aolida  ware  obtained 

with  preaaed  KBr  discs  or  with  nujol  nulla*  Spectra  of  liquids  or  solu- 

tions  in  CHCly  or  CB* Cl»  at  several  concentrations  up  to  about  0.2  M 

19 

ware  recorded  from  compensated  KBr  calls.  High  resolution  F  nar  spaotra 
were  obtained  with  a  Varian  HA-100  spectrometer  operating  at  94.1  aHs  and 
nmr  apaetra  ware  raeordad  with  an  A-60  nar  spectrometer.  Dg-acetone 
or  CHC1)  was  used  aa  a  advent  and  tatramethplailene  and/or  trlchloro- 
fluoromathane  as  internal  references.  The  KSsabauer  spectra  ware  deter¬ 
mined  st  the  University  of  8ritish  Columbia  bp  using  apparatus  described 
previously.10  Tin(IV;  oxide  waa  uaad  as  the  reference  and  the  apeetra 
wera  recorded  at  -I96  . 

Reagents 

CFj  COj  H.  CjFjCOjH,  C,F?C0iH  and  CHj  BrCOi  H  wera  obtained  from  tldricb 
Chemical  Co.t  CF*C1C0»H  froa  Pieroe  Chemical  Co.|  CHj  ICO*  H  from  Eastman  | 
Cn,C0jH  and  CHi  C1C0*  H  froa  J.  T.  Baker  Chemical  Co.t  and  CHCljCOiH  and 
CClj  COj  H  fro#  Matheson.  Coleman  and  Ball*  Triaathpltin  chlorida  was 
purchasad  froa  Alfa  Inorganics. 

Results  and  Diacuasioa 

The  reectlone  of  trielkpltin  chlorides  with  aetsl  earboxylstes  have  been 
used  to  prepare  trielkpltin  carboxylatea*1  However,  we  find  that  trierganotln 
chlorides  reset  with  carboxylic  acids  to  give  diorganochlorotin  carboxylatea^ 
and  alkane.  Cleavage  of  the  tin-carbon  bond  In  tetraorganotln  compounds 
has  been  need  to  prepare  substituted  organotln  compounds. 1®*  ^  but 
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dealkylatlon  or  depheny lotion  of  trlorganotln  chloride*  occur*  only  In 
•  few  cuiii^  However,  In  the  rote. loo  of  cotrtorgtnoe  conn  one*  with 
hydrogen  htlidet  at  higher  temperature  or  for  long  porloda  at  low 


temperature, 

dlorganotln  dlhalldea 

are  formed. 

21-24 

RgSn 

+ 

HX 

R3SnX  4- 

RH 

R3SnX 

4* 

KX 

R2SnX2  ♦ 

RH 

it 

Recently  Aubke  et  al,  reported  that  the  reactions  of  HSO^R  (R  -  F,  CFj, 

Cl,  Me,  Et)  with  t rime thy It In  chloride  yield  MejSnfSOjR);  and  methane  and 
hydrogen  chloride.  They  suggest  the  etepwlae  replacement  of  chloride  by  the 
acid  anion  followed  by  production  of  methane.  However,  under  the  condltlone 
used  in  the  present  study,  no  HC1  la  obtained  and  a  maximum  of  one  mole  of 
■ethane  per  mole  of  trlorganotln  chloride  is  produced  regardless  of  the 
add:  tin  compound  ratio. 

Trlorgenotln  halides.  In  which  the  halogen  atom  sufficiently  increases 

the  acceptor  strength  of  the  molecule,  hare  the  tendency  to  Interact  with 

donor  molecules  to  form  trigonal  blpyramidal  adducts.  The  existence  and 

structure  <l)  of  five-coordinated  tin  addition  compounds,  (CTIj^SnCl 

whore  ®  la  (CH3)2SO,  PhjPO  or  CH-jC(  0)H(CIIj)2  ,  have  been  based  on  nmr 

spin-spin  coupling  values  (J  )  end  Infrared  studies. 

Sn-Cltj 

Cl 


(I) 
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The  1:2  molecular  complexes  of  SnCl^  and  aromatic  acids  have  been 
isolated.  For  these  compounds,  MBssbauer  studies  have  been  used  to  lend 
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support  to  ths  structure  in  which  the  carbonyl  oxygu  coordinates  directly 
co  the  tin  stoa.  Therefore,  the  reaction  of  trlanthyltla  chloride  vlth 
carboxylic  adds  nay  occur  via  an  adduct  lnteraadlate,  such  aa  II.  Such  an 
inte mediate  would  favor  formation  of  CU4  rather  than  HC1.  The  Sn-Cl 

1 

O-C-OH 

CH3 

H-C-Sn 

ca3 

ci 

(ii) 

bond  energy  in  (Ct^^SnCl  is  about  85  kcal/aole,  while  that  of  the  Sn-C 
bond  in  (Ca3)4Sn  la  about  55  keal.30  Therafore,  tha  Sn-C  bond  in 
(CHjljSnCl  la  expected  to  be  weaker  than  the  Sn-Cl  bond  end  formation 
of  CI4  is  not  unexpected.  Pdfeermon  and  Lustlg3  In  a  reaction  of  another 
stront  add,  dlfloerodl thlophoephorlc  add,  with  trleethyltln  chloride 
also  observe  quantitative  foraetion  of  ee thane.  This  la  also  me  without 
a  baaa. 

However,  we  have  fowd  la  tha  presence  of  pyridine,  trleethyltln  chloride 
reacts  with  acetic  add  to  fore  trleethyltln  acetate.  Analogously,  alky  It  in 
chlorldaa  fore  organ oetenayl  arsenates^  with  arsenic  eclde  in  the  presence 
of  trlethylaelne  according  to 

R4-oSnCln  nHOAa(0)R£  ♦  n(C285)jN  ♦ 

n(C2«5)3HHCl  ♦  R^8n(0Aa(0)t^)n 

In  theea  caaea,  tha  reactlena  could  atlas  free  nucleophilic  attack  by 
the.  add  anion  at  tha  positive  tin  can  tar  which  eauld  tend  to  weaken  the 
Sn-Cl  bond  particularly  when  accompanied  by  the  strong  driving  force 
provided  by  the  formation  of  tha  quaternary  aeatcmltja  chloride  salt. 

23 
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Thore  In  a  marked  dilfarance  in  th«  bv  «vi.,r  of  (CH^SnCl  towards  acids 
compared  with  chat  of  (CH^) jSICl 3,4  vh*n  :iCl  and  not  Crt4  ia  invariably 
forwed.  Again  thU  ia  to  ba  expected  whan  it  la  noted  thot  the  bond  energy 
for  Si -C  >  Si-Cl  while  Sn-C  <  Sn-Cl. 


Nuclear  Magnetic  Resonance  Spectra 

The  lQF  nnr  of  some  ditmahylch  loro  tin  carboxylatea  are  Hated  in 

Table  2.  Tho  chemical  shifts  and  coupling  constants  are  in  agreement  with 

thoac  reported  for  similar  compoiatds.32  The  chemical  shifts  are  essentially 

independent  of  the  solvent  used.  No  coupling  between  H-F  or  Sn-F  is  observed. 

Methyl: In  derivatives  are  particularly  suitable  'or  3ll  nnr  studies 

because  tie  proton-tin  coupling  constants  arc  determined  easily.  In  recent 

6.  7 

years,  many  nmr  studies  have  beeo  carried  out  on  trirethyltin  carboxvlates 
and  dlmechyltin  di  acetates , 33  but  none  of  the  dtrcthvlchloroi  in  canoxy  latea 
haa  been  etamlned.  Table  3  include!  the  proton  chemical  shifts  and  proton-tin 
coupling  contents  for  dimethylchlorbtin  carboxylates  determined  during  this 


work . 

The  observed  chemical  shifts  can  be  explained  aa  a  function  of  the 
screening  tmuaiti  of  the  substituents  while  the  couDllng  constmt  values 
reflect  the  differences  in  tbs  stste  of  hybridization3’  4  and  the  coordina¬ 
tion  number  of  the  tin.35  There  is  a  systematic  decrease  in  the  acieenlng 

constant  of  the  Cit 3  protons  when  methyl  groups  are  successively  displaced 

.  .  28,  34,  36- 

>,y  the  more  electronegative  chlorine  atoms  or  acetyl  groups  on  tin. 

The  :n-CH,ctvrUng  cor.ntbnte,  0n^  ^  ‘!nd  ’  incr*'''  * 

x;  i  t  ;■  :  ncr-aoing  <  1  -ctron^'H  ivi  *.y  of  the  3ub«.t  ttu-r.ts  end  with  the 
coerlinatior.  number  of  Ur.  For  tr.e  trlaethyltin  carboxyl- t  re , 3** 


*>  r. 
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'■  '  roton  Spectra  of  Dlisethylchlorotln  Cnrhoxyl^tcs ,  (Cll^)  28nC10CR 
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lAi  l  i  3.  Proton  irv.  Spectra  of  l)l;netliylcnlorot in  CnrKoxy l«tcs ,  (C!l^) j^nClOCR 
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occura  around  59  Hs«  thus  in  tha  vicinity  observed  for  four* 


Sn-CHj 

coordinated  systems,  e.g.,  tetranathyl tin,  J  »  3%.0  H*  and  trimethyl- 

tir.  chloride,  J  a  58*5  R»*  Therefore,  these  cerboxylates  exist  a« 

6  7 

noncmera  lr.  nonpolar  solvent*.  * f  In  established  five-coordinated  tin 

*  *e  *q 

compounds,  such  as  the  pyridine  adduct  of  trimethyltin  chloride,  * 

or  tHnethyltin  chloride  in  D»0,  tha  8n-CHj  coupling  increases  to  67.0  and 

70.”  lit,  respectively.  For  diaethyltin  diacetn.te,  vUch  contains  aix- 

coordinated  tin  based  on  COO-  vibration  frequencies  in  the  infrared 

spectrins,^"*  the  ^^Sn-CHj  coupling  constant  la  82.5  Hz.  Thus,  the  aag- 

nltude  of  the  coupling  constant  ean  be  used  as  a  diagnostic  tool  in. 

predicting  the  coordination  nu*bcr  of  tin  in  the  dim«rhylchloroti». 

derivatives. 

HQ 

Si^ce  the  'Sn-CH|  ccuplir*  conatante  for  these  naw  dimethylchloro- 

tin  cerboxylates  fall  in  the  range  73-77  in  CHClj  eolution,  the  structure 

« 

is  on*  in  which  the  tin  ntoa  is  five-coordinoted^as  v  s  suggerted  for 

Ri  SnCCl)Ch  CCRj1^  (R  «  Et,  n-Pr,  n»Bu)j  while  in  Du  -acetone  (J,.Q  » 

-  ♦  il^Sn-CHj 

8C  Hz),  the  tin  auot  be  alx-eoordinated  reeulting  fro®  the  coordination 

of  the  carbonyl  oxygen  of  acetone. 

M 

The  linter  relationship  between  the  degree  of  u-eharacter  In  the  tin 
ortitf.ls  directed  toward  carbon  and  the  coupling  constants  hve  bean 

Interpolation 


ftudiei  in  detiil  by  Holaea  and  Kaesz  and  »»n  der  Kolon 


from  the  function  relating  J...  to  the  apparent  s-character  Of  the 

AA*Sn-CR, 
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tln-atom  orbital  in  the  Sn-C  bond  indicates  30?.  a-character  for  the  J  value 
of  77  Hs  in  CHC13  solution  and  43*  s-charaetar  for  88  H*  in  D6-#c«tone 
solution  which  supports  ths  above  penta-  and  hexs-coordinateu  models  for  ths 
dime  thy lchlorotin  carboxylates . 

Procan  nuclear  magnetic  resonance  measurements  oj  the  dimethylchlorotin 
carboxylates  also  show  several  ocher  important  features:  the  chemical  shifts 
of  (CHjJjSn  protons  show  very  little  change  in  the  deahieldlng  of  the  methyl 
protons  with  increasing  electron  withdrawing  ability  of  the  K  groups.  The 
Inductive  effect  predominates  in  rhe  series  R  •  CU-j,  ClUCl,  CMC J 2  • 
since  there  is  a  regular  decrease  of  the  screening  constant  for  KCOO-  protons 
with  increasing  number  of  halosubatltuanta .  Also,  the  Inductive  effect  shows 
in  the  chemical  shifts  of  RCOO-  protons  in  the  series  CHjCl,  CHjBr,  Cl^l. 

In  this  series,  the  tin-proton  coupling  constants  show  *m  irregular  change, 
while  they  arc  essentially  unaffected  by  increasing  the  number  of  chlorine 
auhst Ituents .  The  anisotropy  effeep  must  be  the  main  contributing  factor 
in  the  scries  R  -  CF3,  CF2C1,  CCI3. 

Infrared  Spectra 

The  completely  rigorous  assignment  of  the  bands  to  their  respective  nor¬ 
mal  modes  Is  impossible  for  these  complex  compounds.  However,  some  assignments 

41  42 

can  be  made  by  referring  to  the  spectra  of  the  corresponding  sodium  salts,  * 
the  r  rl'octhy ltin  carboxylates,  *^the  dimethyltin  di acetates ,  ^  and 

methy  1  tin  chlorides.  Particularly  pertinent  to  this  work  is  the  P.nman 

spectrum  of  ( (Ctlj) -,i>o<.l)  (C 2V )  as  given  for  (CH^l^SnCl^  in  MCI  solution. ^ 
Corresponding  peaks  can  be  found  in  the  infrared  and  Raman  spectra  of  dl~ 
r.ethy lch lorotin  acetate  (taken  as  representative).  Many  of  the  remaining 
hands  may  be  Identified  by  comparing  with  the  specertan  of  Na0C(0)CH^  as 

‘<18 


shown  In  Table  4. 
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TA8LE  4.  Infrarad  and  Raman  Spacer*  of 
(CH3)2SnC102CCH3,  (O^SnC^  «nd  MaOjCCHj 


(0*3)2 

Cl  a 

SnOCCH  3 

(CH j) 

NaoficH^1 

IR*‘b 

c 

Raman 

Raamt*6 

IR*3" 

IR 

(in  9H  MCI) 
((CHj)2«oC1+) 

V*,CM 

3014W 

302  2  * 

3025 

2989 

V*,CH 

2023  w 

2930a 

2930 

2936 

2852w 

v«.co2 

1550e 

lS72w 

1578 

14506 

1453rw 

1443 

^.CUj 

14306 

143>rv 

1430 

V«3 

1401a 

141>vw 

1410 

1414 

''•.co2 

1352vvw 

1210w 

1214  a 

^CHj-Sn 

1196vw 

1202  w 

1204 

1204 

104  7vw 

1042 

CH3  rock 

1015= 

1009 

VC-C 

9  50w 

954* 

924 

815* 

786 

Sn-CH3  rock 

794  a 

745 

COO  sclaaor 

685  * 

646 

COO  out  plane 

bend  613* 

615 

va,Sn-C 

576  a 

577y 

5/7 

567 

v*,So-C 

527  w 

532  vtb 

518 

575 

COO  rock 

49  3  w 

500  w 

460 

vSn-Cl 

324  a 

319  6 

325 

29 


85  w 


2  82  w 


/ 


TAILS  4.  (cm.) 

Romo 
217  w 
200  w 
149  n 

43 

a.  For  original  spsctrua  in  NaCI  r«glon,s«o  Okavsra 

b.  KBr  disc 

c.  Neat  solid 
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The  characteristic  absorptions  da*  to  carbonyl  esymavtrle  and  Sa-C 
aeynaetrie  sad  ay  Metric  stretching  frequencies  and  Sn-Cl  vibrellona  m 
listed  in  Tabic  5«  The  fact  that  both  asymmetric  and  oysaetric  stretches 
are  observed  for  Sn-C  indicates  the  presence  of  a  aonllaear  C-Bn-C  moiety. 
Since  it  is  difficult  to  eaalga  frequencies  la  the  1*00-1300  tm** 

region  in  which  C-H  deformations  also  eppeer,  these  are  omitted  even 
though  separation  of  and  is  used  to  detect  the  types  of 

carboxyl  groups  by  some  authors.  *  ’  The  frequencies  increase 

generally  with  Increasing  electron  withdrawing  ability  la  the  eabat listed 
carboxylate  groupa.  The  aujol  mull  spectra  are  essentially  the  same 
as  spectra  obtained  from  ssaplea  In  KBr  discs.  In  conparlnon  of  solution 
and  solid  state  spectre,  the  aSn_c»  #gn.c*  Sn~Cl  'rlbr*tlon*  do  a®* 

show  significant  changes. 

However,  the  carbonyl  vibrations  do  shift  to  higher  energies  for  the 
noafluorlneted  carboxylates  (R  «  CH,  ,  CEjCl,  CFCl*  ,  .Cl,  ,  CHjBr,  CH*I), 
e.g.,  for  (CH, )» ClSnOi CCH,  the  band  for  the  esymaetrle  carbonyl  shifts 
to  1598  fron  1550  cm"1,  for  (CH,  >,5*0,  CCK, , 7,10  with  aC0#»t  1658  cm"1 

in  CIC1,  solution  shifted  from  1570  ea~^  in  the  solid,  the  shift  la  that 

expected  when  changing  from  a  monomeric  ester  fora  In  solution  to  s 

bridged  polymeric  species  (5-coordinate)  in  the  solid.  Also,  from  tbs 

spin-spin  coupling  constant,  J.10  ■  58.2^°,  for  (CH, )* 8aQb C(CI, ) 

A**Sa-CB, 

In  C0C1,  solution,  the  tin  is  four-coordinated  which  indicates  s  normal 
ester.  Because  of  the  analogous  infrared  shift  and  the  flhwC\ coupling 
constants  in  the  75  Ha  region  for  the  nonfluorinated  carboxylates  la 
CHCli,  ,  it  is  likely  that  a  mononsrie  non-eater  acetoxy  fora  Is  present, 
and  tin  has  s  coordination  number  of  five.  Cryoatopic  neasureaeats  of 
molecular  weight  of  (C* H,  )i  C18a0> CCH,  shows  that  it  la  mononsrie  In  non- 
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TXBLK  5.  Characteristic  Absorption*  of 
Dlaathylchlorotin  Cajrboxylaeaa  (CHjJjSoCIOjCR 


R 

W«C02 

vaSn-C 

vaSa-C 

vSn-C  1 

ca3 

1550* 

576 

527 

324 

1548b 

575 

525 

324 

1598* 

S60 

523 

* 

1572d 

577 

532 

319 

ch2ci 

1598* 

580 
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340 

1600b 

580 

510 

338 

1^35  C 

580 

530 

340 

CM  Cl  2 

1624* 

580 

524 

348 

1643  c 

548 

528 

?45 

1632d 

566 

528 

350 

CCI3 

16  35* 

583 

530 

340 

1635b 

586 

535 

335 

1630  c 

568 

525 

347 

CH2Br 

1390* 

585 

528 

340 

1590b 

585 

526 

340 

1620  C 

580 

527 

* 

CHjI 

1550* 

573 

503 

316 

1553** 

573 

510 

316 

1610c  ** 

573 

527 

* 

CF3 

1691* 

580 

521 

3^5 

1690b 

581 

524 

347 

1692  C 

567 

526 

350 

I670d 

578 

526 

347 

Vs 

1686* 

586 

524 

360 

1690b 

588 

525 

360 

16?0  C 

57O 

526 

j*»s 

It-  ll 

V  - 


TABLE  5.  (eon.) 


SCO  2 

vsSn-C 

vsSn-C 

vSn -Cl 

165S* 

388 

325 

355 

1668b 

590 

324 

355 

1685* 

?6fi 

5J0 

348 

16714 

581 

527 

334 

1688* 

545 

517 

349 

1687b 

555 

527 

340 

1680  c 

564 

526 

350 

a.  KBr  disco •  b.  Mujol  mull. 
*  .Not  observed 


c.  CHi  Cl* solution.  d.  Raman 
t»  C’!C1,  solution 
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polar  solvents  (bensene)  An  infrared  rfcift  for  to  higher 

•nergy  Is  also  observed  (1530  to  1600  cs**)  suggesting  a  nonester  type 
of  acetoxy  group*  This  would  aupport  a  sonoasric  chelate  structure  for 
the  new  compounds.  Preliminary  molecular  weight  determinations  In  CHClj 
are  inconclusive,  although  they  do  point  to  aonomeric  structures  in 
solution,  e*g.,  the  experimental  values  exceed  theoretical  for  aonoaerle 
epeciea  by  about  25%  for  (CHj  )i  ClSnOj  CCHj  I  and  ( CH,  )i  CISnOj  CtlClj  ,  but 
they  ara  concentration  independent* 

All  band*  in  tie  solution  infrared  rpectre  change  proportionately  with 
concentration  whioh  auggeeta  that  no  monomer-polymer  equilibrium  exists* 

For  the  compounds  which  have  fluorine-containing  carboxylete  groups 
it  should  be  noted  that  eaaent jelly  no  shift  occurs  in  _  in  going  from 

solid  to  CHa  Cl*  solution  with  tha  exception  sf  the  CjF^  compound*  This' 
suggests  that  the  structure  for  coapounda  with  R  -  CF,  y  Cj  F,  ,  and  CFj  Cl 
is  not  grastly  different  in  solution*  Nnr  data  point  to  five-coordinated 
systems  In  solution  end  HBesbauer  to  five-coordinated  tin  in  tha  solids 
(see  next  section)*  Molecular  weight  deteroiaat lone  on  CFj COj SnCl(CB) )j 
In  CHClj  were:  10ag/cc,  <U9 t  30  »g/cc,  92?;  and  60  mg/cc,  91*»*  The 
formula  weight  for  CF,  CO*  SnCMC'.lj is  297-5.  Based  on  the  experimental 
molecular  weight,  the  compound  must  be  at  least  trimeric  or  perhaps 
polymeric  in  cblorofora  solution.  Similar  results  are  obtained  for  tha 
CtTj  case  where  experimental  aoiacular  wstfcht  Values  ranging  between  ?6l  end 
1,^33  were  obtained  (aonomeric  ■  396).  This  then  confirms  the  existence  of 
these  compounds  in  the  solid  state  as  polymeric  structures  with  bridging 
COO-  groups* 
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Kbssbauer  Spectra 

119 

The  MBsabauer  isomer  ahlfta  and  quadrupole  splittings  provide  a 

good  tool  for  the  study  of  the  eoordinatloo  In  tin  compound a.  The  looser 
119 

shift  of  the  'Sn  resonance  is  related  to  the  density  of  3«  electrons  at 
the  tin  nucleus  and  the  quadrupole  splitting  glees  a  measure  of  the  devia¬ 
tion  froa  cubic  symmetry  of  the  electron  distribution  about  the  tla  atom* 
In  Table  6  ere  found  the  Sn  MBssbauer  data  recordor’  at  BO°K  for  aom*  of 
the  diaethyichlorot in  earboxylates.  The  spectrum  of  each  compound  van  a 
well-reaolved  doublet.  The  isomer  shift  (  )  values,  relative  to  8n0| , 
fall  In  the  region  1*34  *  1*45  aa/aee  and  the  quadrupole  splittings  (  ) 
values  in  the  range  3*38  *  3.96  am/sec*  As  is  the  case  for  dlalkyltin 
dicarboxylates,  no  notlcaable  MBssbauer  effect  is  present  at  ambient 

temperature*^  Although  room  temperature  Kflasbauer  effects  reportedly 

c?  53 

reflect  the  preaence  of  polymeric  struchsres'  *  ,  the  dlcarboxylates 

still  doubtlessly  sre  polymeric  even  though  the  association  is  probably 

week.  The  values  for  (CHj )j CISnOj CR  sre  slightly  higher  then  those  for 

tetraorganotin  compounds  and  art  similar  to  those  of  (CHj  )j  SnOi  CCHj 

vCHj)jSnCI.  and  (CR,),SnSCRv  ,  which  bsvs  been  snown  to  have  s  polymeric 

structure  with  bridging  COk ,  nr  CM  or  SCM  groups  and  trigonal  blpyramidal 

configuration  around  the  tin  etom,^*  ^  The  observed  values  srs 

quite  large  and  similar  to  those  for  compounds  having  trigonal  blpyramidal 

structures,  e-g.,  trimethyltin  acetates, <CBj  )| SnF,^  and 
54 

(.CH>)jSnCN.  Based  on  our  KBaabauar  data,  all  of  the  dimethylchlootin 
carboxylatss  are  psntacoordinata,  and  very  likely  polymeric  in  the  solid 
stats  (i.e.,  3*6  mm/eec,  whereas  for  tstrsooordlnatsd  RjSaOjCR*  oom* 
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pounds. 


2*3  ma/see) 


-12'- 

TABLE  6.  MiJssbsiier  dst*  for  <CI1^)  2SflCl02CR 


Compound 

R 

4(mm/sec)* 

&(sn/s«c)* 

•t 

CH  3 

1. 34 

3.58 

2.67 

Cl^Cl 

1.38 

3.75 

2.72 

CUC12 

1.45 

3.91 

2.70 

CC13 

1.45 

3.96 

2.73 

CIMr 

*■ 

1.34 

3.79 

2.73 

CF3 

1.44 

3.35 

2.67 

c2f5 

1.45 

3.90 

2.69 

C3F7 

1.40 

3.83 

2.74 

CF,Cl 

1.42 

3.84 

2.70 

•Values  reproducible  to  0.03  oa/se c. 
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Conclusion 

Dioethylchlorotla  earboxylmtea  onn  be  onaily  made  by  the  reaction  of 
triaothyltin  ohlorido  with  appropriate  acids.  Tbeae  compounda  have  boon 
atudied  by  a  variety  of  spectroscopic  methods  in  the  solid  state  and  la 
solution  which  cease  us  to  argue  as  follows! 

1)  Based  on  J..Q  values  obtained  on  solutions  in  CRClj  and  on  quad- 

A  9Sn«CH, 

rupole  splitting  values  for  the  solids,  the  compounds  contain  penta- 
coordinated  tin.  The  position  of  in  the  infrared  spectre  (solid  or 

solution)  is  far  rsaeved  from  the  usual  organic  aster  frequency  (17^0  ca"b 
which  suggests  bridge  or  ehelate  COO-  groups  la  pentacoordlneted  compounds* 

2)  For  the  nonfluor lasted  carboxy Intern,  solution  in  CRClf  or  CHi  Cls  Is 

aecompanled  by  a  shift  to  higher  frequencies  of  whloh  indicates  a 

change  of  etruoture*  Molecular  weights  done  on  our  compounds  are  not  con¬ 
vincing  but  the  closely  related  molecule  (Cj  H,  ),  ClSnO»  CCRj  ,  for  which  a 
alalia?  frequency  shift  occurs,  is  monoserio  in  solution*  This  is  strong 
evidence  for  chelate  nonomers  in  solution  and  for  COO-brldged  polymerle 
structures  In  the  solid, 

3)  For  the  fluorinated  carhoxylatea,  #COj  la  essentially  sero  when  solu¬ 
tion  In  CHClj  or  CHi  Cl«  occurs  which  indicates  no  change  in  structure. 
Molecular  weight  detarslnations  on  (CHj  )a  CISnQi  CCF>  point  cosvincincly 

to  .  polymers  in  solution  (CtTy  Is  somewhat  lass  sertaln)  and  thus  to 
COO-  bridged  polyme-ic  solids,  hesos  eliminating  pentacoordinate  obelate 
monomers  in  the  aolld» 

k)  Conpariaon  of  our  MBssbauer  data  with  that  of  compounda  of  knows 
structure  also  strongly  points  to  a  polymeric  solid  atrta  for  all  of 
the  dimetr.yleblorotin  carboxylatee. 
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njjoft0FU06ruoutt  azxoks* 

by 

Staphan  R.  O'Neill  and  Jean'ta  W.  Shrcava* 

Abstract.  Mixed  ohoophoru*  chloride  fluorides  undergo  ready  reaction 
with  sodium  atida  to  provide  an  excellent  rotate  to  new  aside-containing 
compounds.  Including  FjPNj,  FaMO)Mj  ,  FP<0)(llj)2,  and  FT(S)CM3)2.  In 
addition,  the  previously  reported  F2P(S)Nj  ie  easily  prepared  hy  this 
method,  FjPMj  hss  particularly  United  stability, 

Axtdnbls(trlfluoroaethyl)phosphlna,  which  is  modestly  stable  at  0° 

0 

and  decooposes  slowly  at  20  ,  wee  prepared  some  years  ago  by  inaction 

1 

chlorobls(crlfluoromethyl)phoephlne  with  llthltai  aside.  At  S0°,  slow 

decomposition  occurs  to  give  phoephonlt riles,  ((CFjljPN).  Difluorothio- 

phosphoryl  aside  results  Iron  P-oxo-bis(thlophosphoryl  »H  fluoride 1  with 
s  2 

sodium  azido.  Apparently  this  compound  is  stable  and  can  be  handled 
without  difficulty.  Although  a  number  of  organ ophotphorun  asides  are 
known  and  found  to  ha  fairly  stable,  there  appear  to  be  no  others  which 
also  contain  fluorine  or  a  fluorine-containing  species  as  a  ligand. 

in  our  synthesis,  new  asides  result  from  F(III)  and  P(V)  chloride 
fluorides  and  sodium  aside 

F  P0.)C1_  +  sNaN,  -1— — -  F  P(F,)(H,)  +  xNaCl 

Vx  3  3-x  ^  x 

x  ■  1,2 j  r.  •  o,  s 
X  •  1:  E  •  absent 
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or  hydratoic  add  displaces  hydrofluoric  acid  f row  a  nonoaside 

60° 

F2P(0)Nj  ♦  Id,  - »  FP(0)(W3)2  ♦  HP 

The  role  played  hv  the  solvent  In  the  fomer  reactions  la  an  important 
one  In  some  cases,  but  one  which  Is  not  clearly  understood.  In  other 
lnstnnces,  e.g.,  with  F;P(0)C1,  reaction  occurs  to  give  a  76%  vleld  of 
the  monoazlde  without  solvent.  Hass  spectra  are  particularly  useful  In 
confirming  these  mono-  and  dl-azldes  since  a  noleculs  Ion  la  observed 
in  every  case. 

Exnerlncntal 

General  Methods.— A  standard  Fyrex  vacuum  system  equioped  with  a  Mclse 
Bourdon  tube  pause  was  used  In  all  reactions.  Purification  of  the  azides 
was  obtained  either  through  tTap-co-tran  fractionation  or  hv  fractional 
codiatlUation.  3  Molecular  weights  w/tre  determined  by  the  method  of 
Rernault.  Infrared  spectra  were  recorded  with  either  a  Perteln-Elner 
Mode  1  f»21  or  n  Perkin-Hlncr  Model  457  spectrophotometer  at  15  Torj  in  a 
cell  of  5  cm  nath  length  with  Kflr  windows.  \  liitachi  Povkin-Elmcr 

Model  R-'flJ— ft E  spectrometer  operating  at  an  ionization  potential  of  70  eV 

o  19 

at  25  was  used  to  record  eass  spectra.  Low  resonance  F  nuclear 

magnetic  resonance  spectra  were  obtained  at  94.1  mHz  with  a  Varlan  HA-100 

31 

spectrometer.  The  V  nuclear  magnetic  resonance  spectra  ware  recorded 
at  40.5  m!!z  on  the  latter  in st rumen t .  For  fluorine,  trlcblorof luorome thane 
was  the  internal  reference  in  25X  solutions.  For  phosphorus,  the  external 
reference  was  85T  phosphoric  acid.  In  addition,  the  dl-aiidee  were  diluted1 

i 

to  give  50~  solutions  in  ecetomitrlle,  while  the  mouo-ezldes  were  run  nett. 
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Ultraviolet  spectra  were  obtained  on  a  Ferkin-r.lmet  Model  202 
spectrometer  on  samples  at  pressures  less  than  one  Torr  i-n.  a  10  cm  quart* 
cell,  elemental  analyses  wera  performed  hy  Seller  Mlhroanalytiac'ies 
LahnrAtorlum,  Gottingen,  Germany. 

4  5 

Reagents. — Chlorodl f luorophoephlne  ,  and  FaP(0)Cl  were  prepared  by 
tvtuejs  described  In  the  literature.  Sodiun  aside,  obtained  from  11 
and  K  Laboratories,  was  purified  by  dissolving  the  salt  in  water, 
acldtfvlng  to  litmus  with  MCI  and  precipitating  the  exide  with  acetone. 
After  the  salt  was  filtered,  washed,  and  dried  at  100°,  it  appeared 
to  be  free  of  hydrolysis  products  and  reacted  cleanly  with  the  phosphorus 
halides,  llydrazolc  acid  is  obtained  in  8QZ  yield  from  the  reaction  of 
gaseous  HCl  with  sodium  azide  at  25°  for  24  hr. 

Both  FP(S)C12  and  F2r(S)Cl  are  prepared  in  relatively  high  yields 
by  (codifying  the  eethod  for  PSFj.6  Fluorlnation  of  SPClj  with  .JaF  at 

0  l  / 

Uh  for  M.5  hr.  with  *ulfolane  •»  solvent  given  average  yields  of  V*, 

50  and  20*  for  the  none-,  di-,  and  trifluoride,  respectively.  These 
products  are  easily  separated  with  traps  at  -91,  -120,  and  -183°.  *  Purity 
was  checked  hy  comparison  with  published  infrared  spectra.7 

Caution.  Althoueh  we  experienced  minimal  difficulties  in  handling  these 
azide*,  they  should  be  treated  as  potentially  hazardous  materials  and 
prepared  In  le&s  than  10  nmol  amounts  (much  leas  than  this  for 

General  Preparative  Procedure  for  f(III)  and  P(V)  Azides . 
r.sscnt in l lv  the  same  method  can  be  employed  in  the  preparation  of  all  of 
Che  new  azides,  although  the  success  of  the  reaction  seems  to  depend 
lnrcelv  upon  the  presence  of  and  tvpo  of  solvent.  In  general,  the 
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appropriate  P(lll)  or  P(V)  compound  la  con donee d  onto  sodium  aside  which 

has  been  carefully  dried  after  recrystr llltatlon. 

n)  Azlvlod! f luocophoephtne ,  FjI’Xi.—  Dlf luorochlorophoeniiire  ('  rnol) , 

condensed  onto  sodltan  azide  (Ip)  in  one  ml  of  toluene  and  allowed  to  react 

for  two  lira  ac  2'°  gives  azldodif luorophosphine  (4  mol).  The  product  ia 

o 

purified  by  tran-co-trap  fractionation  and  Is  retained  In  a  tran  at  -12<l 

after  pausing  -73°.  (If  no  solvent  la  used,  ■  very  minor  arourt  of  F?PN3 

form*  wlch  the  major  products,  phosphorus  trlfluoride  and  nitrogen.  Mien 

CII^CM  Is  used  as  a  solvent,  reaction  teVes  place  Immediately  on  warning 

to  ?5°  anJ  produces  nltrofcn  and  PI  j  Quantitatively  ncsplte  the  low 

thermal  stability  of  F;PN3,  In  the  synthesis  Involving  toluene,  the  reae- 

o 

tlon  mixture  can  regain  at  21  for  more  than  24  hra  without  a  trace  nr 
decomposition.)  Care  must  hr  taken  to  maintain  anhydrous  conditions, 
since  the  bydmlvelA  product,  -W],  can  he  separated  fror  the  F;PW  j  only 
with  groat  difficulty.  The  experimentally  determined  nolecular  weight  Is 
Ihn.s  (ln.o  theor.). 

h)  )lf luorothlophosphorvl  exile  and  f luorothl ophoanhory 1  Jlazlde, 

FjP(S)N)«nd  FP(S)  (K  3)  Dlf  luorothl  ophoephorvl  chloride  or  f  luoroth  j.o- 

pliosphoryl  dlchlorlde  (10  mol)  Is  condensed  onto  a  sodium  azide 

o 

(lr)~acctonltrlle  (l  oil)  slurry  at  -181  .  The  reaction  was  complete  on 

warm  Ini',  to  21°  and  after  trop-to-trap  purification  either  cf  the  azides 

was  obtained  lr.  prenter  than  yield.  No  reaction  occurs  without 

acetonitrile.  F^PfSlNj  passe*  c  trap  at  -61°  and  stops  at  -0i0.  Fp(S)(|l3)2 

0  c 

Is  otoppeJ  at  -41  after  passing  a  Iran  at  -21  .  F:P(S)N?  lias  Sen  well 

7 

characterized  after  having  been  prepared  from  (PjP(S))jO  +  NaM^. 

c)  ’’If luorophosphory  1  azide,  FjP(0)N-,. — DtfluormSosnhorvl  chloride 


(10  wl)  it  condensed  onto  dry,  recrystallltad  eodl.ua  azide  (1a),  warmed 
to  and  allowed  to  remain  at  25°  for  24  hr  .  Yields  of  greater  than  76X 
were  Isolated  from  the  trap  at  -73°  having  passed  a  trap  at  -20°.  Acetoni¬ 
trile  Is  not  useful  as  a  solvent  in  this  caae  since  It  cannot  be  separated 
aaally  from  the  product.  The  molecular  weight  le  127.3  (127.0  thcor.) 

Anal.  Calcd.  for  F2P(0)Nj-.  P,  29.00;  F,  24.40;  «,  33.10.  Pound:  F,  29.10; 
P,  23. A0:  H.  33.20. 

because  of  the  possible  hazardous  nature  of  these  compounds,  vapor 
presaure  data  was  obtained  for  only  one  compound,  PjP(0)Mj.  Rased  on  the 
following  date  P  °K);  14.0,  256.7;  24.0,  265.2;  39.5,  273.2;  105.0, 

290.7;  126.6,  293.5;  156.5,  298.2;  179.0,  301.5;  208.6,  >04.0;  235.3, 

307.0;  301.5,  312.5;  310.0,  313.2;  355.0,  316.0;  399.5,  319.0;  411.0, 

319.5;  460.0,  321.8;  600.0,  329.0;  659,5,  331.3;  76). 5,  335.2;  801.3, 

336.2,  the  boiling  nclnt  is  62°.  From  Clauslus-Clapey ron  equation, 

m  6,9  kcal/owle  and  the  Trooton*  constant  la  20.4  eu.  The  vsoor 

vep 

pressure-temperature  relationship  le  given  by  the  equation  log  PTort  • 

8.56  -  (1902/T°K). 

d)  Pluorophosphoryl  diazide,  fT(0)(M3)2.— This  cocq>ound  may  be 
prepared  by  either  of  two  methods.  1)  Dlf luorophosphoryl  chloride  (10  mmol) 
la  condensed  onto  lg  of  sodlua  azide  which  has  been  exposed  to  the  atmos¬ 
phere  and  thus  contains  hydrolysis  products  and  sllowtd  to  remain  at  25° 
for  24  hro.  Pluorophosphoryl  diazide  results  In  greater  than  60?  yield. 

2)  An  excess  of  hydrasolc  acid  (4  mol)  is  condensed  with  dif luorophosphoryl 
aside  (1  asol)  end  held  at  60°  for  one  hr.  93X  of  the  lecter  compound 
was  consumed  end  a  46%  yield  of  the  dlezlde  wan  obtained.  In  addition, 
an  wtldentlfied  white  solid  coated  the  walla  of  the  vessel.  Infrared 
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t 

spr>,.trn  Indicate  the  presence  of  b.wde  attributable  to  N-H,  Nj,  P*0, 
and  P-F  stretching  frequencies.  Tha  fluorephosphoryl  dlaslde  la  Isolated 
lv*  a  trap  at  -30°  after  having  passed  a  trap  at  -12°.  Anal.  Cnlcd.  for 
F,  12.66;  P.  20.66;  6,  56.00.  Pound:  F.  12 . 70;  P,  20. dO; 

N.  50.01. 

Infrared,  mass  and  nnr  spectra  of  these  azides  are  recorded  In 
Tables  1,  2,  and  3,  respectively. 

Resu  1  t_s  jtnd_  Ulacuaa Ion 

o 

All  of  che  new  azides  are  colorless  liquids  at  25  and  freeze  to  a 

class  when  cooled.  They  are  extremely  sensitive  to  small  amounts  of 

water  (e.g.,  moist  air)  and  hydrolyse  to  yield  hydrazoic,  hydrofluoric 

and  various  phosphoric  acids  with  the  exception  of  F2PN3  which  r.Ivcs 

u-oxo-b ls(dif luorophosphlne)  as  the  only  phosphorus  -contalnlnc  product. 

The  hvdrolysls  products  were  Identified  by  comparing  their  Infrared 

spectra  with  puMished  data.  The  phosphorus (U)  azides  are  thermally 

0 

stable  to  at  least  I'V)  hut,  upon  decomposition.  the  major  products  are 
phosphorus  trl fluoride ,  ph.osphoryl  fluoride  (or  thlophosphoryl  fluoride) 
and  nitrogen. 

Azldodlf luoronhosphlne  in  unstable  thermally  and  photolytically ,  nnd 

0 

has  on  occasion  exploded  spontaneously  at  25  .  In  all  cases,  the  decom¬ 
position  products  ate  nitrogen,  phosphorus  trl fluoride  sad  various  cvcllc 
ohoaphonl trl 11c  polymers  of  the  type  (FjPH)^  (x  -  6) .  These  polymers  were 
separated  Hv  fractional  codistlllat ion  and  Identified  by  comparison  of 

ft-  l1 

their  mass  and  Infrared  spectra  with  those  reported  In  the  literature. 
Azldodll  hmrophnsphlne  is  explosively  sensitive  to  sudden  changes  In 
pressure,  e.g..  expansion  Into  a  vacuum  or  a  sudden  surge  when  boiling, 
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TABLE  1 

l..‘V.UW.  '  ..i‘«  C  IKA,  ri.i 


^l-x. 

r.i'Co).^ 

n'(o) (s3)2 

f,i’(6):;3 

FP(S)<:;3)2 

2140  s 

7175  s 

2135  vs 

2195  vs 

2175  vs 

V 

*3 

1.16%  s 

1330  vs 

WP=.  3 

126S  * 

1270  vs,  hr 

12.00  s 

1262  r. 

s 

Ai 

l?  >0 

fi'5 

050  sh 

fill  9 

955  vs 

925  n 

VP-F 

fit'. 

fir  00  7  h,  hr 

300  sh 

v  sym 
P-F 

74  )  H 

777  in 

805  h 

825  s 

825  m 

nr.yn 

V-i 

760  w 

775  n 

613  n 

400  r 

610  n 

660  vv 

570  v 

575  bn 

603  w 

430  a 

430  a 

415  BN 

430  ww 

413  sh 

1 

£ 

4 

i 


TABLE  2.  HASS  SPECTRA 


m/e  -.pccl*« 


Relative  Abundance 


r2p«i3  PjP(o)n3  r2P(s)yj 


fi*<o)(y,)?  pp(s)(;<j)j 


31 

r 

45.0 

20 

42 

:!-» 

16.2 

44 

50 

IT 

55 

63 

VS 

51.7 

64 

46 

no 

FTO 

100 

69 

»Y’ 

100 

77 

SP'.' 

80 

r?(0);j 

82 

FTJ 

83 

85 

rrnN 

f':vo 

75.7 

60 

02 

tts  3 

66.7 

£  Q 

00 

r2P(0)., 

OO 

101 

F  -  PS 

1°8 

n*(o)s  3 

27.9 

22 

111 

F2rs3 

115 

r-p<$)K 

172 

n’(n)K4 

124 

FP(.)K3 

79 

127 

F2P(0)N3 

131 

P(0)N  3)  2 

133 

p<r.)i;5 

134 

rP(K  3)  2 

138 

FPP.S)N«, 

14  A 

;>i.,(S>N3 

140 

F;P(JMNi)  : 

166 

(  K  ?PN)  2 

1.8 

rr  (:)(::  3)  ? 

3.6 

7.5 

4.4 

37.6 

40.5 

36.9 

6.3 

100 

34.2 

lor) 

3.6 

17.1 

77.4 

17.1 

2.7 

43.9 

1.8 

2.1 

9.5 

7.1 

<4.8 

7.2 

89.1 

100 

57.1 
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5  •  <  • 

TAiLE  3. 

1«  Jl 

F  *nd  P  NUCLEAR  MAGNETIC  RESONANCE  SPECTRA 

Compound 

F2PN., 

P2P(0)N3 
FP(0)Mj)2 
F2P(S)Nj 
n»(«XNj), 


HF  (♦*)  3V  (ppm)  Jp_F  (H*) 


57.5 

— 

1280 

7i.5 

13.3  er 

1042 

60.3 

12.6  4 

1020 

2 

42.9 

-56.3  tr 

1140 

38.8 

-65.6  d 

1102 
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Fluorothiophoaphorjrl  dlaelde  hM  exploded  at  *183°  which  aay  be  due  to 
transformation  f  row  n  glass-like  material  to  a  crystalllnfe  substance  at 
that  temperature.  Hovtever,  traces  of  hydrasolc  acid  may  have  been 

responsible  for  the  observed  explosions. 

1°  ?1  19 

Tie  F  and  P  nor  data  are  recorded  In  Table  3.  The  F  spectra 

consist  of  slnple  doublets  centered  In  the  39  to  74  ♦*  range  with  J 

P-F 

varying  between  1020  to  1140  Ht  for  P(V)  at  Ides  and  J  Is  1280  Hr.  for 

31  *“F 

K-!'.'v1.  The  P  spectra  are  well  resolved  triplets  or  doublets  depending 

on  the  presence  of  two  or  one  fluorine  atoa(s).  It  should  he  noted  that 

n  31 

for  !'oe  t  F  and  P  chemical  shifts  the  dlaxldcs  and  thiophosphorvl  com¬ 
pounds  resonate  at  lower  field  then  non oat ides  and  phosphorvl  compounds, 
respectively .  jr  In-spln  counllnc  Interactions  also  decrease  with  number 
of  nride  groups.  Tills  would  suggest  greater  electron  delocalisation  from 

tin*  nhosnlu  rim  -»nd  fluorine  atoms  Into  the  d  orbitals  of  sulfur  or 

31 

*i“  iv  a  ten  of  the  aside  moiety.  No  f  pnr  data  are  available  for  F;"N; 
because,  despite  prerun  checking  for  thermal  stability,  the  compound 
detonated  destroying  the  phosphorus  probe. 

Hie  covalent  nature  of  these  artdos  is  deronat rated  b*>  the  o-enrence 


o!  t.o  hands  In  their  ultraviolet  spectra  similar  to  rhosc  of  tvpi<*al 
11,  l? 


;i  I'.'.vi  .17. ides. 


However,  dm*  to  Inductive  effects  of  the  f  luorophns- 


: >! > . i r v  1  .»r  f lm>ri'thlnpl-iKi|du>ryl  urouns,  there  Is  a  nnrVo  shift  to  higher 

J  1 

oneryles.  >ur  values  acres  well  wltii  those  reported  by  "uff  for  FShi.'lj 

M*--'  »  rr  )  and  dl  ,30  N  .  (IPS,  2  Ifl  nm) .  These  hands  arise  from  — +  •* 

1  v  x 


«llld 


*  *  transitions  with  the  latter  occurring  *c  htcher  one  rev. 


,oth  t.  m.itlons  Involve  charm  transfer  from  electron  pairs  lam’v  lor.alixed 
i'a  t  ?»•*  Itreci-n  .iro1"  hond«*d  to  the  phosphorus  Into  ant  Ihondine.  i-orhltals  on 


th  -  or. .or  t'-o  nitro.-en  atoms, 
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Mnbs  spectral  data  (Cable  2)  are  particularly  helpful  la  confirming 

the  existence  of  these  five  new  settles  since  *11  frsjrent'  st  70  to  give 

a  molecular  Ion  with  an  Intensity  of  at  least  28*  base,  e.g-,  f\PN;,,  2R7; 

r'PCn);!, ,  70*.;  I’,  1*(j)Nj ,  8°Z ;  FPfOKUj),,  100 *,  and  Fr($)(N3)2,  5  77.  In 

the  cssn  of  •  fragment  at  */e  If 6  Is  very  likely  attributable  to 

(F\PNlj  although  this  species  Is  not  observed  when  the  parent  compound 

is  deconnosed  either  thermally  or  photolytlcally.  As  would  be  expected, 

the  heavier  fragments  are  due  primarily  to  loss  of  nll.oreo  or  fluorine. 

Connarlson  of  the  fragmentation  pattern  for  P^PfSjNj  found  In  this  work 

2 

with  that  reported  at  100  eV  shows  vwry  good  agreement. 

Some  band  assignments  In  the  infrared  spectra  (Table  1)  can  ho  made, 
however,  because  of  the  disagreement  in  the  literature  regarding  asalpn~ 
ment  of  we  have  not  attempted  at  thla  tine  to  unequivocally  make 

these  assignments  and  work  la  continuing  In  this  area.  Vp-N  should  he 
regard.'.!  ns  entirely  tentative. 

Ack  now  1  O’. !  .-.nents 

lluorln'  research  at  <he  University  of  Idaho  Is  sunported  hy  the 
it  tonal  Science  roimdctton  and  tl»c  Office  of  Naval  Research.  We  thank 
R.  A.  I-'  Marco  for  ra-s  spectra  and  0.  T.  Sauer  for  nuclear  nametic 


reson.ancc  socctra. 
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ComifibuMon  fro* 

Uaparruamt  o(  Chaarffttry,  Italwralty  of  Idaho 
hoaeow ,  i Uabo  S39A3 

'Jls (hAna*' Itwroiacp ropy \1  dart  la  la  o')  dlaui  fide,  f:hicro(hextf  luoro- 
1  tt  j,)  rn/yl  1 4M\i*l.>o)  #ul  f  wr  { 1 1 )  sod  Sow*  derivative* 

8y  lc*v>*n  i; .  Mtftcal:'  and  Jaan'ne  M.  Shrtevt  *  ' 

lior.a/  bossy  t*ty>  ropyllderiLielool  Ithlua  r»*<M  With  dtsuifai  bichloride 

to  i’.x  hi  » \ h  i>  v  ;luoi otaop  ropy  Kaaolaloo)  claul  f  lti»  viilch  uo  Jr  j*»ve3  two 

oidu rent  typa*  ot  inactions  with  cr.lorfri**  re*  yl «).4  tel»{2  -t>.  lorohexe  - 

( Itioro  inept  op)  1  :avao)aulfvr  ( l  V)  and  chioro^haxaf  lvorJlAopwtpy  Udeolalnol- 

aulfwiUI).  TTm?  1st  tat  give#  urv  aulfui(ll)  coa*>oi«da  ■with  reactants 

>.h*t  CW  S  *  It."  actl'tt!  hydrogen  or  »rl2h  tUwi  aaXCB.  (CF  j>.  l>*iSCl  Ip 

re.iv'.{  :•»  .onverted  to  (CF } )  ,<;  F~SS F ,  fcy  (  liar.1;! noting  aunts 

T:.»  ilthiun  salt  of  rve*af  lu3r®l*of'fopyli.ienta.li>»:  h  i*  6cm  abown 

to  te.rst  wj  t:\  compounds  (.hat  cont*ln  ini  lie  hn.o&ccts  (cl,  Y  ,•  c>  lot  to- 

1 

,Jn>  i.'i’o  he  x  j  f  lun  roleop »  J.  .'eal"»ir».  u*.iC':iy  lutsct .  "  ?  The  c.or»ni-y.  Jf 
terse*.'  mi!  »o«i  often  all- Mir  volatile,  yellov  liquids  ot  t ut>  1 
bo  It  ns.  It:  this  work.,  jnJv*i,-»g#  hay  L  t.*n  c***t  of  the  Mj,h  iear.fi/ity 
ot  UN'C(c'f  i  )j  vlih  dieuiiut  dj.i.h  lorldo  to  pvepero  b  in  (tiexar  i  uoroi  so 
ptopv  U  den  lmf.no  J  Si  Sul  t  tdr  u  j;od  yield.  The  r*>i-rcicni*  ot  .hit  d;  s  jl  t  <  fl¬ 
are  tioao •>;»,»:  tj« r«.  nunpJt  *..*  aied  than  ri'io  t  of  the  simpler,  saturated 
1  Ivor  in  .’ted  i*4*.>  1  dieulficea  In  that  tit  toctaer  haa  three  icoctlv*  sites, 
.lost  ts  thermal  l*  ln.avr*<l  «;M  ot  ir  at  loi.  oi  (.fjSS'CFj  lead#  to  Cf  j.iCl,  to 
amt  log  <  '•  I  *.  r  Inv  *  llh  *.  1 C.  r  , :  .«'«M)  ,i.  gives  (*.T  j)  ?OHSC.l/  rttuevt.  r  ,  vh-*n 
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the  latter  mixture  ie  photolyxed  through  quartz,  elemental  sulfur  is 

formed  accompanied  by  double  bond  su'ftn  and  chlorination  to  give  bis~ 

(2-chlorohexaf luoroisopropy limloo) sulfur ( IV) , (CF^) 2C(!lN«S“SCCl (CF 3)  j . 

Although  Seel  has  fluorinated  Cl jSOl  stepwise  to  CPjiF  with  KF  at  150*  ^ 

or  with  HgF2  solely  to  CFjSF  end  its  dimer  st  130*.  7  and  Cr^SiOFj  ie 

readily  fluorlnateu  to  CFjSF j  with  AgF,,  ®  analogous  react  ions  do  not 

occur  with  (CFj)X-NSCl  or  ((CF3) -C»N) jS-  with  fluotlnating  agents. 

hither  no  reaction  oc.urs  or  fluorination  with  concomittant  double 

o 

bond  shift  takes  plac;  to  give  high  ;  folds  ot  (CF,) „CFN»$F7 . 

(CF3)2C"NSCl  reacts  typically  with  compound.*  containing  active  hydrogen, 

e.g..  Nil j ,  (Cd  ),  NH  and  CH^SH,  or  with  silver  salts,  e.g.,  /gC?i.  to 

give  the  mono-subs  tltuted  product  In  each  case,  R^NH? ,  RfN(Cil^)?, 

K  SaCH,,  end  i’.XS  (where  R,  •  (CF,)„ONS). 

f  3  f  £  3  2 

\ 

Experimental  Section 

Re agents. — Hexef luoroacecona,  phosphorus  oxychloride,  end  n-butyl  llchlun 
In  hexane  ware  obtained  rrom  Allied  Cheaical,  Wilahlre  Chemcsl  «nd 
Alta  Inorganic  Chemicals.  Practical  disulfur  dlchlorlde  (Kastnun  Jrganic) 
wa*-.  purified  by  distillation  under  «n  atmosphere  of  dry  nitrogen.  "lhe 
fraction  boiling  between  123-125*  (690  Torr)  vas  retained.  Chlorine, 
silver  cyanide  and  dine thylmsine  were  received  fro®  J.T.  Baker  Co., 

Kastman  Organic  and  Mathesoo  Co. 

General  Methods . --Cases  and  volatile  liquids  vare  handled  In  a  conventional 
Pyrex  vacutrs  apparatus  under  high  vacuus.  Infrared  apcctra  were  run  on  a 
Perkln-Llae i  457  spectrometer  with  a  Pyrex  glcso  cell  of  5  cm  luncth 
equipped  with  potassium  bromide  windows.  Fluorine  19  nrar  spectra  were 
obrained  on  a  Varian  HA-100  spectrometer  operating  at  94.1  oHr  and  proton 
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nmr  spectra  on  a  Vartan  A-60  spectrometer.  Trichiorof  luoroweth ane  and 
tot raaethy Lsilane  were  used  aa  Internal  references.  A  Hitachi  I'erkin- 
Llraer  RMl'-6E  mass  spectrometer  operating  at  an  Ionization  potential  of 
70  eV  was  used  to  obtain  oass  opectra.  Molecular  weights  were  do tcreioed 
by  Kc.ynault's  method  in  a  vessel  fitted  with  c  Klscher-Porter  Teflon 
stopcock  after  measuring  proauteb  on  a  iieiae-bourdou  cube  gauge.  For 
vapor  pressure  meusuiements ,  a  llailogg-Cady  apparatus  ^  employed 
for  compounds  that  react  with  taercury  .  Otherwise,  an  isotenlscopic 
method  was  employed. 

Elemental  analyses  were  pe. rforaed  by  Be ller  HtkroanaLy tisehoa  Lab- 
oretoriiua,  cyteingen,  Germany,  Samples  which  were  analyzed  in  house 
weu  fused  with  sodium.  Chlorine  and  sulfur  were  determined  gravi- 
metrically  as  silver  chloride  and  barlm  sulfate,  and  fluorine  aa 
fluoride  ion  with  a  specific  Ion  electrode.  Infrared  and  oar  spectral 
data  as  well  os  thonoodynsmi c  and  elemental  analyses  dats  arc  given  in 
Tables  I-1II. 

Blsfhexaf luorolsopropylldcatainojdisulfide,  .  In  an 

inert  atmosphere  box,  6  al  of  2.34  molar  (14  wool)  n-butyl  lithium  in 
hexane  was  transferred  by  syringe  to  a  100  mL  Pvrex  bulb  fitted  with  a 
Teflon  stopcock-  Then,  1.31  g  (14  wacl)  of  (CPjKOKit  uso  condensed 
into  tht  bulb  at  -196*  and  the  vessel  va  allowed  to  wars  slowly  in  a 
devar  from  -»9f*  to  25*  over  a  period  of  8  hr.  Tie  hexane  was  removed 
under  dynamic  vacuum.  0.61  g  (4.6  usool)  of  S2Clj  and  1.96  g  (24  mmol) 
of  2 -methyl butane  were  condensed  onto  the  (CP^)  jOHLi  in  the  vessel  at 
-196*.  The  vessel  was  again  al loved  to  warm  slowly  to  25*  (8  hr.).  The 
((CFj). CaN).8,was  remove i  from  the  vessel  at  25*  urdsr  dynamic  vacuum 
an  I  collected  in  a  U-trap  at  -20*.  Traces  of  unrt acted  S?Ci2  were 
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TABLE  IX 


:h  and  19P  NMR  SPECTRA 


Compound 

19F  NMR  (ppa) 

*K  NMK  (ppm) (v) 

1  (CFj^C-NS)^ 

67.7 

— 

((ck3).c<cdn«i2s 

74.1 

(CF,), C-NbCl 
-  *. 

60.8 

68.4 

— 

(CF3)2C-NSN(CH3)2 

65.4 

67.1 

7.3 

(cf3)2c*ssnh2 

68.6 

6.7 

(CK3)?C-NSC=N 

63.1* 

■* — 

(CK,).C-NSSCH3 

74.3 

7.4 

(CF  )  ONSCd 

3  2  3 

69.3 

-  -  - 
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removcd  by  shaking  with  mercury  for  0.5  hr.  Final  purification  of 
((CFj).C-S)2S2  waa  affected  by  gas  chromatography  using  a  22  ft  column 
containing  52  SF-1265  on  Chronosorh  P.  A  yield  of  4.1  mmol  (892)  waa 
obtained. 

Mb (2-chlorohexaf luoroicnpropy  llmino)*ulf ur(IV) .  (CP,)2C.C1H-S-NCC1(CF3)2 . 

A  quarts  vessel  (220  ml)  which  contained  1.89  g  (4.8  mmol)  of  (<CF3)2C-N)2S2 
and  0.507  g  (7.2  mmol)  of  chlorine  waa  irradiated  for  48  hr  with  a  Model 
30620  ilanovia  ultraviolet  lamp.  The  product  waa  ieolated  in  a  U-trap  at 
-20°  during  trap-to-trap  distillation  and  purified  by  gas  chromatography 
uair.g  a  22  ft  52  SF-1265  on  Chromosorb  P  colum.  A  yield  of  722  (3.5  mmol) 
waa  obtained.  I  (CF3)2CC1H-^S  la  also  produced  when  (CF3)2ONSCl  is 
photolyzed. 

Ch loro (hexafluoroiaopropylldeainlno) sulfur (ID  *  (CF3)2C-NSCL .  By 

atandard  vacu«  methods,  2.71  g  (6.9  end)  of  <(CF3)2OM)2S2  and  0.735  g 
(10.5  imaol)  of  chlorine  were  condensed  into  a  100  ml  Pyrex  bulb  fitted 
with  a  Teflon  stopcock  and  heated  to  110*  for  12  hr  in  an  oil  bath.  During 
trap-to-trap  distillation  the  compoisid  stopped  in  a  U-irap  at  -78*.  After 
gas  chromatography  using  a  1.5  ft  202  Kel-F  on  Chromosorb  P  column,  13.0 
aaaol  (942)  of  (CF3>2C-NSCl  waa  isolated.  (CF3)2C-NSCl  is  also  produced 
when  the  two  reactants  are  photo lyred  at  2537  A  in  a  Rayonet  ’ Srlnivaean- 
Grif f in"  photochemical  reactor.  The  yield  is  much  lower  end  there  are 
numerous  other  products. 

Dime thylamino(hexaf  luoroiaop ropy lid«oimino)aulfur (11)  ,  (CF3)2ONSN(CU3)2 

A  100  ml  Pyrex  bulb  containing  0.67  g  (2.90  aool)  of  (CP3)2ONSCl  and 
0.32  g  (7.3  mmol)  of  (CH3)2NH  w*s  allowed  to  stand  at  25*  for  12  hr.  A 
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U-trap  at  -78*  retained  the  compound  on  trap-to-trap  distillation.  A  yield 

of  96%  (2.8  tnmol)  was  obtained  after  gas  chromatography  employing  a  1.5 

ft  20X  Kel-F  on  a  Chromoaorb  P  column. 

Amlno(hexef luorolaopropylldenlmlno)sulfur(II) ,  (CP 3) 2C*NSNrt2 .  Starting 

materials,  0.288  #  (124  enol)  of  (CF^ONbCl  and  0.052  g  (3.10  mmol)  of 

NMj,  were  condensed  Into  a  50  ml  Pyre*  vessel  fitted  with  a  Teflon  stopcock 

at  -196*  and  allowed  to  react  at  -20*  for  1.5  hr.  The  (CF  )  C*NSSd 

3  2  2 

stopped  in  a  U-trap  cooled  to  -78*  during  trap-to-trap  distillation  and  was 
purified  by  gas  chromatography  using  a  1.5  ft  20t  Kel-F  on  Chromosorb  P 
column.  A  yield  of  0,162  g  (0.77  mmol)  of  product  was  isolated  (62%). 

Cyano(hexafluorol8opropyUdenimiQo)sulfur(Xt),  (CF3)20  NSC=N.  Using 
standard  vacuua  techniques,  0,37  g  (1.60  anol)  of  (CVj)2C"NSC1  was  con¬ 
densed  onto  excess  AgCN,  which  had  been  dried  at  75*  under  dynamic  vacuua,  and 
was  allowed  to  react  for  6  hr.  The  coapound  was  gas  chromatographed  using  a 
1.5  ft  20?  Kcl-P  on  Chromosorb  P  column,  after  being  isolated  in  a  U-trap 
at  -7fil  during  trap-to-trap  distillation.  0.18  g  (0.81  mmol)  of 
(CF,)  C-NS c:.9  was  isolated  (50. 5Z).  Decomposition  occurs  at  82*. 

Kis(hcxaf luoroisopropy Udcnimlro>8ulfur (II) ,  ((CFjJ^C-N) ,S.  Photolysis 
of  0.390  g  (1.0  onol )  of  ((CFj>2C"N)2Sj  contained  In  a  220  ml  quartz  vessel 
fur  eight  hr  gave  0.320  g  (0.9  aaol)  of  (CF3)2C-.NSN«C(CF3)2  (90%)  and 
a  yellow  solid  (sulfur).  The  tUr.ovla  leap  (Model  30620)  was  used.  The 
compound  was  identified  from  its  Infrared  apectrva.^ 

Methylfhexaf luoroisop ropy lldenlmino) disulfide,  (CF3)2C-NSSCH3  .  0.46  g 

of  (CF3 )  ,C*;<SC1  (2  mmol)  and  0.096  g  of  CHjSM  (2  mmol)  were  i  ondeused  into 
a  100  ml  Pyrex  vessel  at  -196*  and  the  mixture  was  allowed  to  stand  at 
-78"  for  6  hr.  Aftur  gas  chrmatogrephic  purification  with  a  5.5  ft 
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column  of  8»  $£-39  on  Chramosorb  P,  0.22  g  (0.9  mol)  of  (CF  j)  ,ONS$Crtj 
was  obtainod  (45Z).  Small  amounts  of  tha  noaosulfids,  (CP j) ^ONSCH 3, 
u«ro  isolated,  also  (MOZ  yield)  , 

Reaul t s  and  Discussion 

Disulfur  dlchloride  reacts  readily  wlcb  hexaf luoroisopropylidenimlno- 
llthlian  to  form  < (CFj) 2C«tO 2S2  in  high  yield.  The  uae  of  a  solvent 
(2-methylbutane)  greatly  increases  the  yield  from  481  in  a  neat  reaction 
to  89Z.  The  disulfur  dlchloride  was  distilled  under  en  atmosphere  &£  dry 
nitrogen  to  remove  any  sulfur  dlchloride  which  would  react  *-ith  HN*C(CF3)2 
to  form  ( (CF3) -C-N) ,S2  which  la  difficult  to  aaparata  free  the  disulfide. 

The  latter  undergoes  reaction  with  chlorine  in  et  leeat  two  different 
ways  defending  upon  the  condltiona  used.  Photolysis  of  e  mixture  of  tha 
two  materials  In  s  quartz  vessel  with  e  Honoris  l**p  (Model  30620)  lead® 
to  the  addition  of  a  mole  of  chlorine  per  mol*  of  dieulflde  and  a  double 
bond  shift  giving  rise  to  a  sulfur  dllalde,  ((CPj)?CClN-)?S.  However,  If 
the  mixture  of  disulfide  and  chlorine  is  irradiated  at  2337  A  through  quartz 
using  a  Srlnlv.ican-Criffln  photocheaical  reactor,  the  sulfur-sulfur  bond 
is  severed  und  the  reactive  new  sulfenyl  compound,  (CF3)2ON$Cl  Is  formed. 
However,  because  of  fewer  side  reactions  and  higher  yield,  (CF3)2ONSCl 
is  better  produced  by  heating  the  two  reactanta  at  100*  for  12  hours. 

Compounds  which  contain  active  hydrogen such  as  dime  thy  lamina  and 
amoniu,  or  silver  pseudohalides,  AgCN,  easily  rsact  Co  brsak  the  S-Cl 
bond  to  fora  ocher  substituted  sulfenyl  compounds,  e.g.,  sulfenyl  amines, 
(CF3)-C«;;SN(CHj)2  and  (CFj)2C-NSNH2,  or  sulfenyl  cyanide.  (C?3)2ONSNClN. 
in  the  reaction  of  (CF3)2ONSCl  with  dimathylamiae  or  srmonia,  hydrogen 


chloride  la  a  product  which  oust  be  consumed  by  excess  base  to  preclude 
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addition  to  che  carbon-nltrogcn  double  bond.  Thu  eight  new  compounds 
are  all  easily  hydrolyzable  liquids  with  vapor  preaaured  leaa  chan  25 
Torr  at  25*  and,  with  che  exception  of  (CFjJjOnSNCCHjJj ,  are  all  yellow. 

The  cheaiscry  of  ((CF^  )2OM)2  S2  and  (CFjljONSCl  is  analogous  to  that 
of  some  stapler  pe r floor la ated  dlaolfidea  sad  sulfeny 1  chlorides,  a.g., 
CF.SSCF  and  CFjSCl.  However,  there  are  three  points  of  difference.  No 
reaction  ves  found  to  occur  between  ((CFj)2C»M)2S2  end  llg  when  they  were 
photolyxed  or  theneolyted  whereas  the  >.l'.otolysls  of  CPjSSCFj  with  Hg 
forms  11  Unlike  with  CFjSCl,  it  ie  Lspoeelble  to  alaply 

fluotlnate  che  eulfenyl  chloride  to  e  sulfcnyl  fluoride.  Inetead,  che 

g 

perf luoroieopropylsulfur  dlfluoride  ialne,  (CPj)jCFN  "SF. ,  results 
in  every  ceae  when  fluorlnatloo  occurs.  Isolation  of  perf luorol&opropyl- 
idoti la l nosulfur  crifluorlde  has  proved  laposslble.  It  Is  likely  that  the 
latter  does  form  but  spontaneously  undergoes  fluoride  loo  migration  from 
sulfur  to  carbon  wlch  a  double  bond ‘shift  fros  ON  to  N»S.  The  following 
equations  show  the  f luorlaationa  that  were  tried  in  attempts  to  prepers 
the  sulfur  trifluoride 

♦  F,NO  <CP,),CF'N»SF,  +  NO +1/2  Cl, 

3  3  hr  3  2  2  1 

♦  3AgF2  (CF3)2CFH.SF2  +  3AgF  ♦  1/2  Cl2 

ion* 

(CF.)C-NSCl  +  Kf  r—-*  no  reaction 

9  z  1st  nr 

+  3C1F  —28!*  (CF,),CFN-SF,  +  2C1, 

1  hr  3  *  ‘  * 

+  3CsF  <CFj)2CF>*SF2  +  ((CF3)2C«N)2S2  CsCl 

in  uu-  latter  reaction,  the  CaF  was  activated  by  forming  am  adduct  with 
hexaf luoroacctone  In  acetonitrile  arid  decomposing  tnc  adduct  at  200*  undat 
dynamic  vacuum.  It  Is  likely  that  <CFj)2C“Ni>F  forms  but  dlsp report donates 
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to  give  ((CFj^OelOjSj  and  (CFj)2ON$?3  which  eubaequently  rearranges 

to  (cf3)2cfn«sf2. 

The  diaulClda  alao  cants  with  fluorlnatlcg  agents  as  eh own  in  tha 
following 

<CF _)  C-NSSN-C (CF ,)  +  6AgF,  >  2<CF,)_CTN«*SF,  +  6AgF 

J2  32  2  8  hr  J  2  2 

(CFJ„C-NSSN-C<CF_),  4  6C1F  — »  2(CP,),CPN«SF,  4-  3C1, 

32  32  2  hr  32  2  2 

19 

Correlation  of  tha  F  oar  chemical  ahlfta  or  of  the  Infrared 
stretching  frequencies  of  tha  C*M  moeity  with  tna  aubatltuant  group 
attached  to  tha  (CFj)2ONS  group  can  not  ba  made  baaed  on  first  order 
effects,  such  as  electronegativity.  However,  a  s  1*1 lar  lack  of  apparent 
order  la  observed  for  compounds  containing  tha  CFjJ  aoelty,  a.g,,  CFjSCl, 
CFjSMHj ,  etc. 

It  Is  Interesting  to  note  that*  in  tha  cava  of  (CPj)2ONSC1  and 

(CF3)2ONSN(CH3)2,  tha  trifluoromethyl  groups  are  magnetically  nonequlva~ 

19 

lent  giving  rise  to  two  F  n*r  resonances  In  tha  CFj  region  for  each 
compound.  Apparently  tha  other  new  compounds  do  not  behave  similarly 
because  the  temperature  (about  30*)  at  which  tha  m;  spectra  a  i  da terminad 
la  above  that  of  coalescence,  where  tha  CFj  groups  become  magnetically 
equivalent.  An  ongoing  study  involves  tha  determination  of  coalescence 
temperatures  and  inversion  energies.  Ruff  reported  that  the  CF, 
groups  in  (CP3)2ONF  are  aagnatlcally  nonequl valent  and  that  tha  CF  3 
group  trans  to  the  inlne  fluorine  la  shlftsd  to  lover  field.  Based  on 
this,  the  resonance  bands  at  60.6  ppm  and  63.4  ppm  in  (CF3>2ONSCl  and 
(CF3)-.C-NSN(CH3)2  are  assigned  to  the  CP3  group  trans  to  Cl  and  NCCHPj, 


63 


-12 


respectively .  No  fluorine-hydrogen  coupling  la  found  and  the  proton  nmr 
spectre  are  typical  of  the  functional  groups  Involved. 

The  Infrared  spectra  of  rheae  compounds  are  reasonably  simple,  with 
ON  stretching  frequencies  being  lowered  only  by  35  cm"1  (164u  to  1605  aa*^) 
when  the  substituent  in  changed  from  dltaethylanlno  to  oyano.  Hie  ON 
stretching  frequency  i  t  the  (CFj)  2C«hbCl  end  ( (CF3)2OU) ?S2  are  the 
sane  <1630  cm"1)  which  illustrates  the  Insensitivity  of  the  bond  to  subetltuaata 
on  cite  sulfur.  The  mass  spectra  are  helpful  in  confirming  the  syntheses 
of  these  new  eooqxuatd*  since,  with  the  exception  of  ( (CFj)jC(Cl)N]rS 
where  (M-Cl*)  la  the  highest  n.V,  ul  1  tpectra  sho*  rather  Intense  aole- 
cule  ion  peaks. 


Acknovlc  ig-vnt  .--Fluorine  re-earch  at  the  university  of  Ida  o  ia 
eujforte-i  >y  the  Cf'lre  of  ’'xvol  Research  an-i  '  e  N^t  i  '  r.  1  Sri*r.cs 
Foursaioc.  Ve  ar.,  ir.lebtM  to  Mr.  A.  He  'Marco  for  r^.ss  rp«ctra 
cri  hr.  T.  Fa-.er  nr.i  Mr.  N,  ?.  Cvlriell  for  nuclear  •s’-  7~.*-  t  ic 
r»'cr/  i.r*  r'  <  c'>  r«. 


64 


1.  All  rad  4*.  Sloaa  Foundation  Fallow. 

2.  R.  F.  Swindell,  T.  J.  Ouellette,  D.P.  Babb  and  J«.  M.  Sh reeve, 

Inorg.  and  Noel.  Chen.  Lettere,  J.*  239  (1971). 

3.  R.  F.  Swindell,  O.P.  Babb,  T.J.  Ouellette  and  J.  M.  5h reeve, 

InotK.  Chen.,  10 

4.  a.  Cetlnkeye,  M.  F.  lappart  and  J.  MeMecUlng,  Chen.  Cannun., 

215  (1971). 

5.  R.  F.  Swindell  and  J.  M.  Shire ve ,  Inorg.  Chen.,  to  preea. 

6.  F.  Seel,  W.  Conbler  and  R.  Budena,  Angew.  Chan.,  Inc.  Ed.  Engl., 

6,  706  (1967). 

7.  F.  Seel  and  W.  Canbler,  Angew.  Chea.,  Int .  Ed.  Engl.,  8,  773  (1969). 

3.  E.  w.  Lawless  ant.  L.  0.  Herman,  Inorg.  Chen,,  7,  391  (1968). 

9.  O.  denser  and  S.  P.  von  Helena,  Chen.  Bar.,  102,  3333  (1969). 

10.  K.  B.  Kellogg  and  G.  H.  Cadjr,  J.  Anar.  Chen.  Soc.,  70  ,  30  86  (1948). 

11.  R.  N.  Haaseldlne  and  J.  M.  Kidd,  J.  Chen.  Soc.,  3219  (1953). 

12.  J.  K.  Ruff,  J.  Org.  Chen.,  32,  1675  (1967). 


65 


THE0OQH-SFACE  COWLMC  ZN  A  WV  SUIPU1  DKIHIDE 


Richard  1.  Swindell  and  Jaan'na  M.  Shraava 


Department  of  Chasistry,  University  of  Idaho 
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lac ant ly  (1)  we  raporcad  tha  isolation  of  a  nav  sulfur  dll&lde, 
(CF^ljC-HCCCF^IHS-NCCCF^F  obtained  in  2Z  yield  Iron  tha  Intaraction 
of  SF^  with  L1N«C  (CF^)j  at  25°.  In  tha  nar  apace  run,  coupling  be¬ 
tween  taralnal  CF^  groups  la  observed  while  tha  internal  CV^  groups  couple 
to  only  tha  Inina  C'.  j  groups.  At  35° ,  four  resonances  are  observed  at 
67.6,  73.6,  80.0  and  1424.  Eased  on  the  structural  analogues  listed  in 
the  Table,  these  resonances  are  assigned  as  follows: 


, - 2 Hr — — CP,  CFJ-4.5  He 

i  i  3  i 

(CFj)j  -  C-  H-  C-  K-  S-  H-  C-  rCC) 

CA)  '  j 

♦  CF,  CF,  (C) 


1.5  Bs< 


67.64 


Brosd 


73.64 

Heptst 


Caspian 


Hep tat 
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TABU 


l9r  w«  <*>  cr  stioctijrai  KthLoaom  showu'J  character  istj:c 

USOtUHCt  RXCICWS  FOR  Cf%  CR OUVS* 


a 

8 

C 

(<Cr3)2C*">JC(C73>2  3  h 

W3 

W . 1  broad 

73.4 

(cr  3>  2c-hc  (c/j )  2i«-«-hc  <;cr ,)  2N-r  (c?3 )  2  J 

——  WTT  MS.'-" 

66.5  broad 

73.5 

<CF  -KCHIClCFj)  K-i-O** 

65.  S  brwui 

Kj) 

— ~  MS* 

(cf3  >  2  s-«c  <cr  3 )  r.c  r  3 )  2 i 

63.8  broad 

53.1 

Be 

■“  — 

<CF3)2CFVHa5 

**• 

-f 

*  nPy-F 

*.* 

<Cr3)2CFN-C-04 

81  6 

(CF^CW-i-O3 

* 

81.2 

"r*  _* 

~*3 

4.6 

(CF3)2CFN-SC125 

80.1 

Jcr3-F 

3.3 

(CF3)2CFN-S-NCF(CF3)23 

79.6- 

jcf3-f 

6.3 

<CF3)2CFN-SFCF33 

81.5, 

jcf3-f 

6.3 

a  Only  resonance*  (and  their  assignments) 

slnllar  to 

those  u  carring  in  the  dllnld* 

are  Included 

b  Nuaber  of  underscore*  correlate*  vith  type  of  CFj  group 
.  A  |  »  B  |  C  j 
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Spin-spin  decoupling  of  resonance  A  resolves  the  complex  resonance  C 

i 

into  a  simple  doublet  arising  frosi  coupling  with  the  adjacent  ?  (JCF„  -F 

3(C) 

-  4.5  Hz).  Similarly  the  heptet  B  collapses  to  a  single  narrow  re¬ 
sonance  on  decoupling  resonance  A.  At  35°  resonance  A  is  structureless, 
broadened  by  coupling  to  the  CF^  groups  B  and  C  and  also  by  geometric 
inversion  about  ON.  Cooling  to  10°  results  in  increased  broadening  of 
the  resonance,  whereat,  further  cooling  to  *-40°  or  heating  to  80°  sharpens 
the  resonance,  but  again  no  fine  structure  is  observed.  Magnetic  non¬ 
equivalence  through  inversion  about  nitrogen  of  the  CF^  groups  in  the 
hexafluoroleopropylldenlmlno  moiety  has  been  previously  encountered  (2,4). 
The  heptet  D  is  assigned  to  C-F  which  is  split  by  the  gemioal  CF.  groups 
(J~  «  4.5  Hz). 


Examination  of  molecular  models  reveals  a  highly  sterically  hindered 
system  in  which  no  configuration  appears  to  be  free  from  unfavorable 
Interaction  with  neighboring  CF^  groups  or  lone  electron  pairs.  In  order 
for  the*,  observed  Interaction  to  occur  between  CF^(A)  and  GF^CC),  it  Is 
necessary  to  postulate  a  pseudo-cyclic  configuration  bringing  the  groups 
to  within  at  least  2.5A  of  each  other  (6-8).  Although  several  configur¬ 
ations  are  possible,  skeletal  flexibility  and  tha  existence  of  several 
geometric  isomer  a  makes  assignment  of  a  most  .likely  ciraf  lguration  difficult. 
Since  the  terminal  CF^  groups  are  separated  by  ten  sigma  bonds  and  no 
splitting  of  F (D)  by  CFj(A)  is  observed,  it  aeeoe  likely  that  through- 
space  coupling  is  the  dominant  mechanism  with  little  or  no  throi  gh-bond 


contribution.  Furthermore,  if  through-bond  coupling  was  significant  It 

1  » 

seems  reasonable  to  postulate  that  CF^(B)  which  is  closer  to  CF^C)  by 


two  sigma  bond*  would  add  to  tha  coop  laxity  of  the  resonance*  observed 
for  C  and  0.  The  theoretical  spectra*  for  Cf3<C),  using  tha  observed 
coupling  conatanta  of  4.5  Hr  and  1.5  Hr  to  produce  an  overlapping  doublet 
of  hepteta,  la  In  excellent  agreement  with  the  experimentally  obtained 
spectrum.  Whether  the  coupling  of  CF^(A)  and  CF^(B)  ie  through-bond  or 
through-space  can  not  be  Inferred. 

Experimental 

Fluorine  19  nmr  apectra  were  obtained  with  a  Varlan  HA-100  spectro¬ 
meter  by  using  trlchlorofluoromethane  as  an  Internal  standard. 

SF^  (3  mmol)  was  condensed  onto  LIH^CCF^)^  (9)  (12  nmol)  at  -196° 
and  v&rmed  slowly  to  25°.  After  12  hr,  the  reaction  products  were  se¬ 
parated  by  low  temperature  distillation.  (CF3)2CFN-S«NC(CF3)2N«C(CF3)2 
was  obtained  In  2Z  yield  after  gas  chromatographic  purification  of  the 
fraction  trapped  at  -10°  by  using  a  5'  SE-30  column  heated  to  50°. 

The  Infrared  spectrum  Is  as  follows:  1732  y,  1318  s,  1260  vs, 

1218  ve,  1190  ah,  1095  m,  1075  w,  1012  m,  992  s,  970  ah,  942  w,  740  m, 

720  sh,  685  v  cb  \  Principal  peaks  In  the  mass  spectrum  correspond  to 
the  ions  (relative  intensity):  M-F^  (1);  M-CF^+  (5);  H  -  (25); 

C5FnN2S*  (5);  C6F12N+  <27>;  C5F9N3S+  (6);  C4F9N2S+  (5);  C5F10N+  (12); 
C3F?HS+  (7);  C^NS*  (24);  C^N*  (5);  C^NS*  (13);  CF4NS+  (6);  CF3S+  (5); 

CP3+  (100),  SN+  (57). 

Anal.  Calcd.  for  CjP^HjS:  C,  19.95;  F,  66.50;  N,  7.74;  S,  5.82; 
Found,  C,  20.05;  F,  66.4;  N,  7.81;  S,  5.96. 

Fluorine  research  at  the  University  of  Idaho  is  supported  by  the 
Office  of  Naval  Research  and  the  National  Science  Foundation.  K.F.S.  is 
a  National  Dafense  Education  Act  Fellow;  J.M.S.  is  an  Alfred  P.  Sloan 
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Some  Lxtensivoly  Rearranged  Derivatives  of  Sulfur  Tetraf luoride,  Trlfluoro- 
methylsulf  ur  Trifluoride  and  Bls(trif  luoro*cthyl)»uMur  Difluoride  froa 
llexaf  luc rotsopropyl ldeniml nolithlua  Reactions 

by 

Richard  F.  Swindell1®  auJ  Jean’ne  M.  Shreeve*,b 


Abstract . — Isolation  of  six  extensively  rearranged  products  (T-VI)  froa 
reactions  of  sulfur  tetraf luoride  with  hexaf luoroisopropylideniminolithium 
demonstrates  that  simple,  metsthetical  reactions  do  not  occur.  A  possible 
mechanism  is  proposed.  Similar  rearranged  products  (VII-IX)  form  from  the 
lithium  salt  with  CF  SF  and  (CF  )  SF  .  Long  ranga  coupling  of  nuclei 
separated  by  10  o  bonds^ls  observed  in  the  *"f  nar  spectrum  of  (III). 


Reaction  of  sulfur  tetraf luorlds  and  hexaf luorotsopropyl ldenlminollthiua 

does  not  follow  the  previously  predictable  metathesis  reactions  observed  with 

2  3,4 

Inorganic  chlorides  and  fluorides,  '  ’  Instead,  the  generation  of 
(CF 0CFN*SFn  (I)  in  situ  by  the  action  of  LtN»C(CF3)2  on  SF^  results  in  the 
formal  ion  of  five  new  comoouods  each  of  which  arises  directly  or  indirectly 
from  attack  of  the  lithium  salt  on  the  sulfur  dif luoride  imlde.  Thus 

(cf3),cfn-sf2  (I) 

( r  )  CFN-S-NCP(CF  )  (II) 

2  3  2 

SF,  +■  LiN  -  C(CF,),  - >  (f  )  CFN-S-NU(CF  )  N-C(CF  >  (III) 

-  32  '  32  32  32 

(CF  )  C-NC(CF  )  N-S»SC(CF  )  N-C(CF  )  (IV) 

3  2  3  2  3  2  3  2 

(CF  )  C-NC(CF  )  N-C(CF  )  (V) 

3  2  3  2  3  2 

((cf3)2c-n]2s-nm  (VI) 

Isolation  of  ea.h  of  the  new  products  and  subsequent  reaction  with  the  lithium 
salt  Indicates  that  each  of  the  producta  results  from  a  series  of  irreversible 


C4 


steps  from  reaction  with  a  loss  h’ighly  substituted  member.  Similarly, 

reactions  of  CK  SF  and  (CF,),SF.,  with  LIN-C(CF..)_  Indicate  that  utepwise 
33  32-  32 

subs  t  L  tut  ion  and  product  rearrangement  occurs,  producing  analogues  to 

compounds  formed  from  reaction  with  SF  . 

CF^SF^  +  LiN-CCCFj).,  - >  CF3S(F)-NCF(CF3>2  (VII) 

(CF  )  SF  +  LiN-C(CF  )  - i  (CF  )  S-NCF(CF  )  (VIII) 

322  32  '  32  32 

(CF  )2S-n*C<CF  )  N-C(CK  )  (IX) 


K>'»!!'1KI  N'T.M. 


M.'  to  rials. — SF^  (K  and  K  Laboratories,  Inc.)  and  AgF,,  (Oiark-MahonlnR  Co.) 

uro  used  without  lurrhor  purification.  (CF^)^ONH  was  prepared  according 

to  the  literature  method  and  dried  over  P  0  .  n-Butyl  lithium  in  hexane 

4  10 

(Alin  Inorganics)  was  transferred  into  small  glass  bottles  in  an  inert 

•U  aw  sphere  box  tor  case  in  handling  but  otherwise  was  used  as  purchased . 

C  7 

CF  SF  and  (CF  )  SF^  ware  prepared  by  literature  methods. 

3  3  3  2  2 

General  Procedures . -•'Gases  and  volatile  liquids  were  handled  in  a  conventional 


Pvrcx  vacuum  apparatus  equipped  with  a  Heise  Bourdon- tube  gauge.  Volatile 
starting  materials  and  purified  products  were  measured  quantitatively  by  PVT 
techniques.  Reactants  and  products  of  lower  volatility  were  weighed.  For 
chromatographic  separations,  the  columns  were  constructed  of  0.25  In 
copper  tubing  packed  with  82  SE-30  (Loenco)  on  Chrooosorb  V  or  202  Kel-F 
i  i 1  (3M  Co.)  on  Chromoaorb  P.  In  most  cases,  fractional  condensation  was 
used  ic  effect  crude  separation  prior  to  gas  chromatography.  Vapor  pressure 

g 

studies  were  tarried  nut  by  using  the  method  cf  Kellogg  and  Cady  or  by  an 


iaol-  iscopic  method. 

Inlr.ircd  .;>ectra  oi  volatile  products  were  recorded  with,  a  Per  k  ln-Klmer  • 

r ga  ;  cell  t-quipped  with  Khr  windows. 


<•'  O 

t  U 


(.'>7  ••pee  t  ramet  .t  by  us  log  a  5 


jj 

Nonvolatile  liquids  were  run  neat  between  NaCI  discs.  Fluorine  19  nar 
:.pi  t  tra  were  obtained  with  a  Vacian  HA-100  spectrometer  by  u9inp 
t r i chlorof luoromethanc  as  an  internal  standard.  Mass  spectra  were 
obtained  with  a  Perhin-h 1 mer  Hitachi  RMJ-6E  mass  spectrometer  at  an 
I  on  i r.ut  ion  potential  of  70  oV.  K! mental  analyses  were  performed  by 

tl 

belli  r  VikroanalytisUtes  I.aborji  or  iua,  Gottingen,  Germany. 

1.  Keactione  of  SF,  and  Derivatives 

— , _ il _ , _ _ 

Preparation  of  (CF^) ^CFN»SF^  (I) . --Sulfur  tet raf luor ide  (4  mmol)  waa  con¬ 
densed  onto  liN*-c(CF,) ->  (12  amol)  at  -196°  and  warmed  slowly  to  25°. 

J  4 

Arc<r  41  hr,  the  volatile  products  were  separated  by  gas  chromatography 
by  using  a  5'  SE-30  column  heated  to  30*  and  (I)  waa  obtained  in  22? 
yield.  Ocher  products  Isolated  were  (11)  (62)  and  small  amounts  of 

(III) ,  (IV),  and  (V).  Physical  and  spectral  data  for  (I)  have  been 

9 

reported  previously. 

Reaction  o!  (I)  .ir.d  L 1N-C  (CF  .  —  (CFjJjCFN-SI^  (2.64  mmol)  was  condensed 
onto  LiN^CCCFj)^  (12  mmol)  at  -196*  end  warmed  raoidly  to  25*.  After 
20  hr,  the  volatile  compounds  were  separated  by  trap-to-trap  distillation 
.nuJ  lurcher  purified  by  go*  chromatography  by  using  a  5'  SE-30  column 
heated  to  60*.  Major  products  Identified  were  (V)  (52%),  (VI)  (24%). 

(IV)  (9.5.,),  (CF3),OSSN-C(CF3)22*3  (1.1?)  and  (CF^C-NH  (0.1  mmol). 

l'rcp.iri  t  ion  of  (CF  ^ )  ^CFN-S-NCF  (CF  )  ^  (ll). —  [  (CF^jC-NjjS  (22  mmol)  was 

di'.i  illcu  into  a  73  ml  stainless  steel  Hoke  bomb  which  contained  AgF., 

.;  1  j;)  .it  -19''  and  allowed  to  warm  to  25°.  After  standing  at  25*  for 

r>  hr,  (<‘V  l  (,FN -S«NCF(CK  )  (II)  was  obtained  In  almost  quantitative 
12  3  ? 

y  i  i: ! ,!  . .  i;  1  s  (hepta  f  1  uoro  isopropv  1 )  su  1 1  ur  dliiride  Is  a  colorless  liquid 
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liC 


with  a  boiling  point  ni  106.8*  obtained  from  the  equation  io^  V 


forr 


8.17  ~  2013/T.  Vapor  proaaure  data  are  as  follows  (T,  *K;  r,  Torr): 

326,  100;  342.7,  200;  348.2,  250;  353,  300;  361.2,  400;  367.5,  500;  371.5, 

550;  373.0,  600;  375.5,  650;  377.7,  702.  The  molar  heat  of  vaporisation 

Is  9.2  kcal  and  Che  Trouton  constant  is  24.3  e.u. 

19 

The  F  nar  spectrum  shows  a  broadened  complex  resonance  at  145.30 
aeslgnad  to  Che  equivalent  ieopropyl  fluorines  and  a  doublet  4.5  Hz) 


at  79. 0  for  the  CF^  groups.  The  Infrared  spectrum  measured  at  4  Torr  la 

as  follows:  1267  va,  1263  ve,  1227  a,  1195  a,  1130  m.  1092  m.  1030  s, 

995  s,  958  w,  740  ah,  732  e.  340  w,  co“*.  Principal  peaks  in  the  mass 

spectrum  correspond  to  the  ions  (relative  Intensity):  M+  (1);  M-F+  (5); 

M-F2+  (5);  M-F3+  (1);  M-CF^  (22);  CjFqN^*  (2);  C-jF^NS*  (25);  C^NS*  (4); 

C2F4NS+  (25);  C2F5N+  (4);  C,F4+  (11);  CF3+  (100);  SH+  (27). 

Anal.  Calcd.  for  C^F^N^S:  C.  18.19;  P,  66.80;  K,  7.04;  S,  8.05; 

Found:  C,  18.30;  F,  66.6;  N,  7.02;  S,  8.09. 

(CF,),CKN-S-NCF(CF,),  is  obtained  in  6X  vleld  when  SF;  (4  nmol)  la 
3  4  J  Z  4 

reacted  with  (CF  )  C-NLi  (11.5  -001). 

3  2 

Reaction  of  (It)  and  L1N*C (CF  )  „ . — (CF  )  CFN«S*NCF (CF  }  (1  moo)>  w.is 
_ 3  «.  3  4  3  i 

condensed  onco  LIN«C(CF3)2  (6.9  mmol)  at  -196*  and  warmed  slowly  to  25*. 

After  20  hr,  the  volatile  materials  were  removed  and  Identified  by  gas 

19 

chromatographic  retention  time#,  infrared  and  F  nmr  spectra  to  be 
prin.trily  (IV)  and  (V),  (CF,),C*NH  and  some  (III).  No  (I)  or  (VI)  was 
observed . 


Preparation  of  (CFj) 2CFN-S-NC(CF J ,N-C(CF3> 2  (III).  — SF4  (3  rrnool)  was 
condensed  onto  L1N«C(CF3)2  (12  «bo!)  at  -196®  and  wanned  mIowIv  to  25°. 
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After  12.25  hr,  the  reaction  products  were  separated  by  low  temperature 
distillation,  (CF3)2CFN-S-NC(CF3)2N-C(CP3)2  was  obtained  In  2Z  yield 
after  gas  chromatographic  purification  of  the  fraction  trapped  at  -10* 
by  using  a  5'  SE-30  column  heated  to  50*.  Other  compounds  isolated 
were  (1),  (II),  (V)  and  (VI). 

The  Infrared  spectrum  la  as  follows:  1732  y,  1318  s,  1260  vs, 

1218  vs,  1190  sh,  1095  m,  1075  w,  1012  m,  992  s,  970  sh,  912  w,  710  a, 

720  sh,  685  w  cm  Prlncipsl  peaks  In  the  mass  spectrum  correspond 
to  the  Ion#  (relstlve  intensity):  M-F^  (1);  M-CF^*  (5) ;  H  -  C3FgN+  (25); 

C5F11N2S+  <5);  C6F12N*  (27>;  C5F9N3S*  <6)i  c1F9N2S+  (5) ;  SF10N+  (12); 
C3F7NS+  (7);  C3F6NS+  (24);  C3F6N+  (5);  C^NS*  (13);  CF4NS+  (6);  CFjS4  (5); 

CF3+  (100),  SN’*  (57). 

Anal.  Calcd,  for  C^F^N^S:  C,  19.95;  F,  66.50;  S,  7.74;  S.  5.82; 

Found,  C,  20.05;  F,  66.4;  N,  7.81;  S,  5.96. 

Reaction  of  (III)  and  L1N«C(CF3) 2 (tF3)2Cro«S-NC(CF3)2N-C<CF3)2  (0.3  mmol) 
was  condensed  onto  LlXa‘C(CF3)2  (2.4  maol)  *c  -196  and  warmed  slowly  to 

25*.  After  10  hr,  the  volatile  coopuunds  were  removed  and  Identified  by 

\ 

their  Infrared  spectra  as  (V)  (0.27  mmol),  (CF^^C'NH  (trace)  and  (IV) 
(trace).  No  (I),  (II)  or  (VI)  was  observed. 

Preparation  of  ^CF3>2C*NC(CT3)2N,‘S"NC(CF3)2N*,C(CF3)2  <1V>’~~Aft*r 
of  the  volatile  compounds  observed  in  the  preparation  of  (III),  the  "dry" 
solid  residue  In  the  reaction  vessel  was  heated  at  100*  under  dynamic 
vacuum  and  a  nonvolatile,  bright  yellow  liquid  was  collected  in  a  vessel 
fitted  with  a  rubber  septum  to  facilitate  gas  chromatographic  separation. 

The  liquid  was  injected  onto  a  5'  SE-30  column  heated  to  60*  and  pure 
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(CF3)2C-NC(CF3)2N-S-NC(Cr3)2N*C(tF3)2  was  obtained  In  yields  as  high  as 

SIX.  Bis( 2- (hexaf luorolsopropyllalno)hex«fluorolsopropyl] sulfur  diiai.de 

is  hydrolytically  stable  with  a  boiling  point  of  197*  at  200  Torr. 

19 

The  F  nar  shows  a  broad  singlet  at  66.3#  which  i«  further  broadened 

as  the  temperature  Is  lowerad  to  10*.  At  70*  this  becoses  a  sharp  singlet. 

A  second  resonance  at  73.50  is  a  sharp  singlet  of  area  equal  to  the  first 

and  le  essentially  unaffected  by  temperature  changes.  The  Infrared 

spectrum  (liquid,  NaCI  discs)  is  as  follows}  1735  e.  1320  vs,  1160- 

1235  vs,  1073  s,  1010  s,  985  s,  960  s,  938  a,  791  v,  768  w,  736  s,  740  e, 

690  i  ci  Principal  peaks  in  the  east  s pact run  correspond  to  the  Iona. 

(relative  intensity):  M  -  CF,+  (1);  M  -  C  (9) ;  M  -  C  F  N  *  <4>  s 

*  JO  6  12  2 

C3F6NC3F6+  <l00);  C5F10N+  <15)l  C5F8N>  (4);  C4F8N*  (6);  C3F6NS+  <17): 
C^NS*  (2);  C3F6N>  (2);  CF^  (7);  (9);  CFj+  (90);  SN+  (9). 

Anal.  Calcd.  for  C12F24N4S;  C»  20-90i  r.  66.40;  N ,  8.14;  S.  4.65; 

Found,  C,  20.98;  F,  65.2;  N,  8.18;  S,  4.35. 

Reaction  of  (IV)  and  Ll.*l»C(CF  (CF3/2C-NC(CF3)2N«S-NC(CF3)2N-C(CF3)2 

(0.59  nmol)  was  lnjacted  into  a  vessel  containing  LiN-c(CF3)2  (3  mmol) 
which  had  baan  heated  to  70°  under  dynaalc  vacuus  to  remove  excess 
(CF  )  C-NH.  The  vessel  was  warned  slowly  from  -196*  to  25*.  After 
standing  for  1.25  hr  at  25°,  the  only  volatile  product  obtained  was  (V) 
(0,58  mol)  identified  by  its  infrared  speccrua.  Chlorine  (0.9  rasol) 
was  added  to  the  reaction  vessel  and  after  three  hours  the  only  volatile 
product  observed  was  (CF^ONCl  (0.9  nmol).  No  volatile  sulfur- 
containing  product  was  obtained. 
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Preparation  of  (CF^);C"NC(CF1)-)N«C(C?1)2  (V). —  Sulfur  tetrafluoride 

(0.96  aol)  was  condensed  onto  LiN«*C(CP3)2  (2. A  naol)  at  -7X96*  end 

allowed  tower*  rapidly  to  25*.  After  0.3  hr  the  volatile  products  were 

removed  ao>f  separated  by  gee  chromatography  by  using  a  5'  St- 30  column 

at  50*.  Pure  (CFjJ^C-N^CFj^N^CtCPj^  was  obtained  In  391  yield  fro* 

the  mixture  containing  (1),  (II),  (IV)  end  (VI).  2,2>[Bls(hexaf luoro- 

isopropylldeilnlno)]  hexaf luoropropane  is  a  colorless  liquid  having  a 

boiling  point  of  109*  fro*  the  equation  log  PTorr  •  7.76  -  1857/T.  Vapor 

pretsure-  date  ere  as  follows  (T,  *K;  P,  Tort):  314.5,  71;  321.5,  93; 

327.5,  118;  331.5,  162;  344.7,  231;  351.5,  292;  358.3,  368;  363.0,  425; 

368.3,  510;  375.0,  620.  The  aolar  heat  of  vaporisation  la  8.4  keel,  and 

tie  Trouton  con*. tent  la  22.0  a.u. 

19 

The  F  war  spectrum  shova  a  broad  resonance  at  68.11  assigned  to 
the  four  terminal  CF_  groups.  Thirteen  peaks  centered  at  75.40  are 
assigned  to  the  CF  groups  o*  the  canter  carbon  atoa  (J -  6.2  Ms). 

3  •  CFj-tFj 

The  peak  area  ratio  la  2:1.  The  iarxared  spectrum  (5  Torr)  la  as  follows: 
17/5  *,  1320  ve,  1165  vs,  1245  va,  1232  vs  (eh),  1212  vs,  1190  n,  1090  w, 

1050  *,  1000  s,  960  m,  760  w,  740  s,  722  *,  690  •  c*~*.  Principal  peeks  In 
the  ness  epectru*  correspond  to  the  Imi  (raletivt  intensity):  M  -  P+  (1) ; 

M  -  CF3+  (2);  M  -  C2Fj^  (1);  CjP^C (18);  (7);  (1); 

Cll*Cl6  i2)i  CT2NC376+  (5);  C3F7*  cr2°**  U)‘  CT 3*  <100):  C3N2*  (1)  * 

CF2+  (2,. 

Anal  Calcd.  for  CPU:  C,  22.60;  F,  71.51;  H»  5.89;  Found,  C,  22.48} 
9  16  2 

F,  71.4;  N,  6.27. 

Reaction  of  ( V end  Li»«C(C?  )2  — l  (CF,)2Ob)2C(CF3)1  (1.3  nmol)  and 
LiJHCtCFj^  (8  wnol)  sot  reset  after  8  hr  at  25*. 
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Preparation  of  (CP^C-NSC-im^CF^  (VI)  .-(CF^CW-^  (2.64  mol) 

vm  condensed  onto  LiN-CfCF^  (12  «ol)  «t  -196*  and  w.bnid  rapidly  to 
25V  After  20  hr,  the  product*  were  separated  by  low  temperature  distilla¬ 
tion  and  the  content,  of  the  warmest  trap  (-40*)  further  purified  by  ga. 
chromatography  u.tng  a  5*  SE-30  column  at  60V  Blefhexafluoroisopropyl- 
idenimlr.o)eulfurimine  was  obtained  In  241  yield  and  is  a  colorless, 
readily  sublimable,  crystalline  solid  which  melts  at  18.5V 

The  19F  nmr  spectrum  ii  e  singlet  at  80.39.  The  XH  nmr  spectrum  is 
a  broad  singlet  at  6.6?.  The  infrared  spectrum  is  as  follows:  3460  m, 
1490  o,  1290  s,  1255  va.  1240  vs.  1218  eh,  U85  s,  1020  w,  960  a,  815  w, 
728  n ,  710  a,  540  w  cis“l.  Principal  peaka  in  the  mas.  spectrum  correspond 


to  the  ions  (relative  intensity) :  M  -  HH+  (1);  M  -  (2);  ^F^N  (2); 

M  -  CF3+  (25);  H  -  Cf  +  (!)}»-  CjF^  (19);  (2);  C^sm*  (5); 

C3F6NS+  (7);  C3Fsn/  <2);  C3F^  (3);  C^MS*  (2);  CF3«H+  (9); 

C,F3NH+  (30);  Cf3+  (100);  C2Fn"'  (11) 5  SNR*  (25);  SN+  (35). 

Anul .  Calcd.  for  <V*fl2N3SS  C,  19.20;  H,  0.27;  F,  60.79;  N,  11.20; 

f,  9.54.  Found,  C,  18.96;  H,  0.48;  F,  60.9;  N,  11.21;  S,  8.37. 

{ (CF  l^ONJoSNH  Is  also  obtained  in  ouch  lower  yielda  when  SF^  and 
3  2  — 

L:N*C;(CK  )  react. 


IT.  reactions  of  CF^SF^ 


l  rt  .ur.uion  of  CFjSV-smCFj);  (VII) --CF3SF3  (7  mmol)  was  condensed 

omo  UN-CfCF3>,  (4.8  mmol)  nt  -19b*  and  warmed  s’.owly  to  25°.  After 
24  hr  the  products  we  cm  separated  by  trap-to-trap  distillation  using  baths 
at  -78*  and  -194*.  Unreacted  CFjSFj  and  a  small  amount  of  CF^F 

(1 , ,,.n  hydrolysis  of  CFy.iFj)  were  recovered  from  the  bath  at  -1?^  . 


Pure 
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CFjSFN»CF(CFj>2  vii  obtained  tn  60X  yield,  after  purification  by  gaa 

chromatography  of  tha  product  vhich  at  op  pod  in  the  b*th  at  -78* ,  by 

using  a  2.5'  Kel-F  column  at  30*.  A  nonvolatile  yellow  liquid,  vhich 

•topped  at  -48*  and  subsequently  elovly  eolidlfied  at  23*.  could  not 

be  purified  by  gaa  chromatography. 

K-heptaf luoroisopropyl-S-trlf luoroasthyl-monof luorosulfurlmlds  la 

a  colorleea  liquid  with  a  boiling  point  of  62.9*  obtain*.*  «•-— •  the 

equation  log  P_  -  7.84  -  l6A*/y.  vapor  pressure  data  ere  as  follows 
Totr 

(T,  *K;  P,  Torr) i  301,  200;  308.3,  250;  310.7,  300;  314.7,  330;  318.2, 

400;  321,  450;  324,  300;  327,  550;  328.7,  <00;  332.7,  693.  The  molar 

heat  of  vaporisation  is  7.95  keel  and  the  Trouton  constant  is  23.6  e.u. 
19 

The  F  nmr  apectrua  la  discuasad  in  a  letas  section  of  the  paper. 
The  infrared  spectrum  ie  ee  follows;  1315  a,  1295  a,  1270  vs,  1255  ve, 
1198  s,  1132  vs,  1094  e,  1018  a,  988  ve,  *60  w,  722  678  e,  542  w, 

468  v,  450  n  c«  Principal  peaks  in  the  mass  spec  .run  correspond  to 

I 

tha  ion*  (relatlv*  intensity}]  M  -  2F*  (1);  M  -  3F+  (1);  M  -  CF^+  <12)| 
C3F?NS+  (2);  C3F6vSS1  (11.) ,  CjFjNS*  (1);  C^NS*  (12),  C^NS  (2); 

CF4S+  (2);  CFjS'’  (5);  C^'  O) ;  C2F2W*  (2};  C?3+  (U0);  SF*  (8); 

CP2+  (3);  ^+(13). 

Anal,  eeled.  for  C^F^jNS;  C,  15.8*.  F,  69,0;  N,  4.62;  S,  10.34; 
Pound  C,  15.94;  F,  69.3;  N,  4.66;  S,  16.66. 

III.  Reactions  of  (CF^J^SF^ 

Preparation  of  (CF^S-NCPfCF^  „  (  III)  (CF^)^  (  5  «atl)  was  con¬ 
densed  onto  LiN«C(CF3>0  (7.2  anol)  at  -196*  and  warned  slowly  to  25*. 

\ 

After  18.5  hr  the  products  we/4  separated  by  trep-to-trep  distillation 
using  bat  ha  at  -40* ,  -78’  ar.l  -184*  (C/ y2S*NCF(CF3)2  which  stopped  in 

ri  9 


62 


•  bach  at  -40'  was  obtained  pur*  lo  71Z  yield  after  purification  by  gat 
chr<  .ography  using  a  7*  Kel-F  coluan  at  25*.  Other  products  observed 
In  the  separation  Included  saall  mounts  of  t (CF^jC-Nlj  and 

(cf3)2s-nc(cf3)2n-c(cp3)2  (IX). 

N-heptef luorolaopropyl-S,S-bls(trlf luoromethyD-sulfurinide  la  a 

colorless  liquid  with  a  boiling  point  of  89 . 1* obtained  from  the  aquation, 

log  P  •  7.40  -  1640/T,  Vapor  pressure  data  are  as  follows  (T,  *K; 
Torr 

P,  Torr) s  314.2,  150;  321.7,  200;  328.0,  250;  333.2,  300;  337.7,  350; 
342.2,  400;  345.5,  450;  349.7,  500;  352.0,  550;  355.0,  600; 

357.7,  650;  359.7,  695.  The  aolar  heat  of  vaporisation  is  7.5  kcal.  and 


the  Trouton  constant  la  20.7  a.u. 

Ths  ^F  nmr  spectrum  contains  resonances  at  138,  81.2  and  640  in  the 
ratio  of  1:6:6,  respectively.  The  resonance  at  1380,  assigned  to  the 
isopropyl  fluorine,  is  an  overlapping  heptet  of  hepteta  from  splitting 


by  cvo  CF  groups  on  carbon  (J_  r_  •  4,7  Ht)  and  two  CF  groups  on 
3  jC  i  J 

sulfur  (J„  _  „  -  1.6  Hz).  The  resonance  at  81.20  is  assigned  to  the 

F-CF  S 
3 

CF,  groups  on  carbon  and  Is  an  overlapping  doublet  of  heptsts  aplit  by 
the  isopropyl  fluorine  (J  *  -  4.7  Hs)  and  the  rsnaining  CF  groups 

CFjv"*  J 

(,)  •  1.4  Hs) .  At  640,  the  CF  groups  on  sulfur  ars  split  by 

CF  3C-CF 3 

ths  Isopropyl  fluorine  (J  _  “  1.6  Hs)  and  tha  remaining  two  CF 

CFjS-7  3 

groups  (J  -  1.4Hz).  The  infrared  spectra*  is  as  folic*. s:  1322  a, 

CF  j5“Cr  jC 

1300  m,  1262  vs,  1212  s,  1138  vs,  1089  vs,  990  a,  760  w,  732  m,  700  w, 
and  455  m,  cm  1 .  Principal  paaks  in  tha  Hast  spcctrua  correspond  to  the 


ions  (relative  intensity):  M*  (17);  M  -  F+  (10);  H  -  CF,+  (10);  M  -  CF*  (18) 

J  H 

M  -  CF5+  (10);  M  -  C2F6+  (10);  C3F6NS+(32);  C^jNS*  (7);  C2?  +  (15); 

CF  S+  (45);  0\NS*  (5);  CP,S+  (8);  CF*  (100);  NS*  (11). 

3  -  -  J 
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Anal.  Calcd.  for  CjF^OTi  C,  17.00$  F,  69.9;  N,  3.98;  S,  9.08; 

Found :  C.  16.41;  F,  70.0;  8,  6.12;  5,  6.69. 

Preparation  of  (CP^S-NC^)  ^-CfCF^  (IX)  .  —  (CF^S-NCF^) 

(1.3S  nmol)  was  condensed  onto  L1N*C(CP ^>2  (4.6  tamales)  at  -196*  and 

warned  alowiy  to  25*.  After  18  hr,  the  product  which  stopped  in  a  bath 

at  -30*  was  puritled  by  gas  ehroaatography  using  a  5*  SE-30  column  heated 

to  50*.  Pure  (CF^S-Nt^CF^N-CttF.^  was  obtained  in  82X  yield. 

2 ,4 ,4 ,6-tetrakla (trlf luoroaethyl)-2-thla-3,5-dlase-2 , S-perf luoro- 

heptadlene  Is  a  colorless  liquid  with  an  extrapolated  boiling  point  of 

136.6*.  The  equation  log  P  ■  8.21  -  2183/T  holds  for  temperatures 

below  100*.  Above  this  temperature,  the  compound  decomposes  to  CF^SN-CtCP^) 

and  an  unidentified  solid.  Vapor  pressure  deta  to  100*  ara  as  follows 

(T,  *K;  P,  Torr):  330.0,  40;  341.2,  65;  348,0,  90;  354.0,  111;  360.0,  140; 

365.0,  170;  369.0,  198;  373.0,  232.  Tha  molar  hast  of  vaporisation  la 

9.8  kcal.  and  the  Trouton  constant  is  23.9  a. u. 

19 

The  F  nmr  ahowa  single  sharp  resonances  at  73.19,  and  62.79  and 
a  broad  resonance  of  63.89.  Peaks  are  in  the  ratio  1:1:1.  Tha  issonancs 
at  73.19  la  asslgnad  to  tht  internal  CF^  groups,  tha  resonance  at  62.70 
assignee  to  tha  CF^  groups  on  sulfur,  sad  tha  broadened  resonance  at 
63.89  assigned  to  the  C?3  groups  adjacent  to  the  ialae  moiety.  The 
Infrared  spectrin  is  as  follows:  1730  w,  1322  a,  128S  o,  1255  vs,  1232  s, 
1218  s.  1168  o,  1128  s,  1085  «,  998  m.  970  w,  935  «,  754  w,  735  m,  end 
690  m  cm-1.  Principal  peaks  in  tha  mass  spectrum  correspond  to  the  ions 
(relative  intensity):  M  -  C^MS*  (15);  C^NS*  (45);  C/(FgNS*  (22); 

CaF8S'+  (15);  C^NS*  (45);  CjFjNS*  (15);  (22);  CjF^S*  (2); 


bl 
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C,F  NS+  (6>;  C2F5^  (1S);  C2F2HS  '9)i  CF3S+  (47) ;  CF2NS+  (20) ;  CF2S+  (9); 
C,F2N+  (23);  CF3*  (100);  CFS+  (7);  SF+  (12);  CF2+  (18). 

Anal.  Calcd.  for  C.F.JLS:  C,  19.30;  P,  68.6;  S,  5.63;  S,  6.43; 

8  18  2 

Found:  C,  19.65;  F,  68.5;  N,  6.08;  S,  6.69. 


RESULTS  AND  DISCUSSION 

Many  examples  of  the  preparation  and  reactioaa  of  the  general  clean 
of  compounds  sulfur  difluoride  lnldes  (R-H«fiF1)  and  aulfur  dimidta 


(R-N*S'*N-R)  have  been  reported  recently, 


10-23(and  references  therein) 


and  the  chemistry  of  the  former  ia  covered  In  a  review  on  sul  ur-nitrogen- 
24 

fluorine  compounds.  The  principal  method  for  preparto;  couptrundo 

utilizes  reactions  of  nltrogen-coatainlng  species  with  f.F  and  ^he.  aulfur 
dlfliorlde  inide  ao  formed  may  undergo  further  res crion  to  form  sulfur 
dimidcs. 

By  reacting  SF  with  the  lithium  aalt  of  heia?  lucre  ifoprep*/]  ldcnlmtna 
4 

in  varying  stoichiometries  six  compounds  V.n  laclVala  yields  sre  t  armed , 

Including,  three  new  sulfur  dim1  Isa  which  atitie  tror.  the  tUu  gene-ration 

oi  a  sulfur  dlfluorlde  ialJe  "intermediate"-- <CF  j,CFX«SF  .  (IJ 

Z  -  x 

(l)  has  been  prepared  in  high  yie.d  by  rhft  rear . Inn  ; f 

V 


SF  +  <CF  )  C-MH 
4  3  2 


r.f 

------  -  ax  )  cTK*f 

3  7 


but  th-  morn  highly  substituted  memf/ora  ill)  -  (.1)  f.uvc  not  been  prt- 

vlouslf  -epotod.  Compounda  (!)  eud  <!:)  nte  .-easily  Isolated  wf.e:  the 

ratio  .  \  IN“C(CP  )  to  SF  ia  Is  as  tf’Au  4  *,  o..i  neither  l*  observed 
3  2  4 

if  SF  Is  t''e  limiting  reagent.  'With  :he.  «r>*c*;i' yen  -if  (Vi'i  ,  each 

44 
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higher  member  of  the  series  can  be  made  from  reaction  of  its  antecedent 
and  the  lithium  salt,  with  none  of  the  lower  members  being  produced.  > 
thus,  adding  pure  (II)  to  (CF^C^NLi  results  in  the  formation  of  (HI),- 
(IV)  and  (V)  with  no  (I)  or  (VI)  being  observed.  Sulfurdiimides  have 

2 

been  shown  to  react  with  polar  organic  molecules  to  cleave  the  N-S  bonds, 
which  explains  the  formation  of  0,58  mmol  of  (V)  as  the  only  volatile 
product  observed  when  0.59  mmol  of  (IV)  reacts  with  LtN^CfCFj)^ 


CF 

(CF  >  C-NcJ^ 

3  -  CF^  N-S-N 


CF 

^■c(cV2 


(CF  )  C 
3  2 


i 

I 


(V) 


i 

+ 


C(CF  )  N-C(CF  ) 
S-N  32  32 

ft 


Li 


The  N  atom  on  the  lithium  salt  is  the  nucleophilic  site  and  the  S»N  bond 

\ 

is  presumed  to  have  broken  and  new  S«N  bonds  formed  to  produce  (V)  and  a 
proposed  lithium  salt  which  was  not  Isolated. 

The  mechanism  of  formation  of  products  (I),  (It)  and  (VI)  is  difficult 


to  deduce.  Whether  a  simple  aetathetlcal  reaction  occurs  between  F  and  tha 

(CF*  )  C-N  moiety  to  form  a  transient  intermediate  which  rearranges  by 

3  2-. 

i 

fluoride  ion  migration  to  k  more  electropositive  center  esnnot  be  demon¬ 
strated  without  isolating  the  postulated  intermediate,  i.e., 


83 
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(ayyFM-S^  f  LIIMKCF  )  ■  —  ♦  f  (CF^CFN-SF-N-tKCl  ^  I  -  — > 

fAl 

<ck3)2cfk-s-::cf(cf3)2 

The  formation  of  CF3(F)S-NCF(CF3>2  (VII)  (discussed  larer  In  this 

section)  and  the  recently  reported  synthesis  of  a  previously  unknown 

25 

nr.Lnnsulfuraonofluoride  lmlde  (-NaSF-SR2)  c 'uld  argue  for  the  existence 

ot  [A]  even  though  the  possibility  uf  structural  rearrangement  of  these 

inidea  is  not  likely.  Further  implicit  evidence  for  this,  or  some 

similar  intermediate,  arises  from  the  formation  of  [ (CF^J^C-S J2S"NH  (VI). 

None  of  this  new  sulfurimine  is  observed  in  reaction  of  (II),  (111),  (IV) 

or  (V)  with  the  lithium  salt,  therefore,  the  precursor  to  the  product 

probably  arises  from  reaction  of  SF  or  (I).  Since  reaction  of  (I) 

4 

results  in  greater  yields  of  (VI)  than  doe9  reaction  of  SF,  it  seems 

A 

reasonable  to  postulate  an  Intermediate  (A)  which  can  either  rearrange 
to  form  (II)  and  subsequently  (III),  (IV)  and  (V)  or  which  can  Itself 
undergo  reaction  with  the  lithium  salt  to  form  a  precursor  to  (VI).  Thus 


(cf3)2cfn»sf2  ((cf3)2cfn-sf-n-c(cf3)2 


(I) 


n-c(cf3)2 


f(CF)  .ONC(CF,),K-s£  J^1 
1  -  3  -  N-c(cf  ) 

(2)  I  32 


L1N-C(CFJ 


U) 


UN«C(CF,)3 

.(H) - (III). 


un«c(cf3)2 


N"C(CF_) j 

((CF  )  CFN-S  3  -  J 

3  2  VC(CF 3)0 


LiN*C(CF1), 

<r - ---J 


(1) 


2%  /N-c(cf), 

°  LiN-S  3  ‘  + 


XM-C(CF  > 

O) 


00 


(V) 


(IV) 
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Addition  o  1  (CF-.)1C»NH  to  tTra  solid  residue  remaining  after  pulling 

J  4 

off  the  volatiles  results  in  the  formation  of  (VI)  In  yields  as  high  as  24X. 

(3)  +  (cf3)2c-nh  — . *  [  vCP3)2on]s-n-h  +  lin-c(cp3)2 

Some  of  (VI)  Is  usually  observed  In  Che  volatile  products  before  addition 

of  (CF-)-ONH.  In  the  preparation  of  LiN«C(CF  )  ,  formed  by  adding  excess 

(CF^)  ONH  to  n-BuLi,  slightly  a»re  than  a  1:1  uptake  of  parent  imlne  is 

observed  which  la  not  recovered  even  after  pumping  on  the  solid  for 

several  hours.  When  the  lithium  salt  is  heated  to  70°  under  dynamic 

vacuum  excasa  (CF^^C-NH  ia  pulled  off  the  solid  and  tubsequent  reaction 

with  SF^  produces  very  little  (VI)  until  (CF^l^OKH  1.'  added  to  the  eolld. 

In  an  entirely  analogous  series  of  reactions » (CF1 „SF„ ,  and  1.1N-C(CF  ) 

3  2  2  3  2 

react  to  produce  the  monosubatituted  rearranged  compound  (CF-^S-NCFfCF^ 

(VIII)  which  in  turn  reacts  readily  with  th»  lithium  salt  to  form  the 

dlsubstituted  derivative  (CF3)2S-NC(CF3)2N-C(CF3)2  (IX).  Unlike  (IV), 

(VI  ll)  does  not  undergo  further  raaction  with  L1N«C(CF  )  and  Is  thermally 

.  *  * 

less  stable,  decomposing  above  100*  to  CF35N«C(CF ^  and  an  unidentified 
yellow  solid. 

Metathesis  reactions  of  end  UN«C(f.F^  were  not  as  predictable 

as  were  the  above  sulfur  (IV?  reactions.  The  tronosuba  tl  tuced  product 
CF3SF=SCF(CF^) 2  vas  readily  o.cained  In  reasonable  yields  when  excess 
CF^bF^  was  used,  but  yields  dropped  to  almost  zero  when  CF^SF^  wns  the 
limiting  reagent.  Instead,  a  :onvolatiie,  yellow  liquid  wc.s  formed  which 

could  not  be  purified  by  gas  chvomutogr rphy  and  vhich  slowly  solidified  at 

o  19 

2S°  .  Numerous  resonances  were  onerve.i  In  the  F  mnr  of  the  neat  liquid 

but  none  which  could  be  reasons: ly  aligned  to  higher  homo  login.-*  of  the 

When  CF^SF^N-CFfCF^)^  zud  L  .N"C(CF.(>2  were  reacted  In  varying 

b5 


parent . 
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proportions,  for  varying  times,  with  nr  vitluni.'  solvent  *:.»  r.*int  intrac¬ 
table  yellow  mixture  recurred,  in  ono  attempt'd  p;/.s  chromatographic 

purification,  a  very  small  amount  of  compound  was  obtained  with  a  C*N 
-1  19 

band  at  1732  cm  in  the  infrared,  and  four  ?  nnr  resonance*  in  the 

expected  regions  for  the  diflubstitute d  deriva-clv:-.  Insufficient  compound 

was  isolated  for  character! let  Ion . 

An  Interesting  example  of  through-space  coupling  of  remote  fluorine 

19 

nuclei  Is  observed  in  the  F  lvmr  spectre*  of  (C?  >  CF.*I«S»  NC(CK  )  N«C(CF  )  . 

3  2  3  2  3  2 

Resonances  occur  at  142,  80,  73.7  and  67.60  in  tho  ratio  of  1:6:6:6.  On 

34 

the  basis  of  structural  analogues  the  asa ignment."  ate  given  in  Fig,  1. 
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The  resonance  at  1420  ta  assigned  to  the  isopropyl  fluorine  and  is  r 

hvptet  duo  to  opllteing  fro*  tho  6  vicinal  fluorine  ntoas  (J  •  **.5  H*). 

F*CFj 

A  complex  resonance  at  800  assigned  to  the  (A)  CP^  groups  (ses  Fig.  1)  is 

resolvad  into  a  *i»apl«  doublet  when  (C)  it  dueauula.d  (J  »  4,3  Ht). 

,  c:,3“f 


86 


69 


(C)  ditto  couples  with  (B)  splitting  the  letter  into  a  heptet 
^J(B)-(C)  *  ^  H*)  which  becomes  a  singlet  at  73.60  when  (C)  la  decoupled. 
The  broadening  of  (C)  arises  not  only  from  coupling  to  <A)  and  (B)  but 
also  from  inversion  about  the  C-N  single  bond  adjacent  to  the  Inina 
moiety.^* 3.26,27,28,29,30  cooling  the  asaple  reeults  in  a  very  broad 
nmr  signal  for  (C)  at  10s,  which  le  considerably  sharpened  by  lowering 
the  temperature  to  -40*.  Heating  to  80*  also  produces  a  sharper  resonance 
for  (C) . 

19 

Coupling  of  the  remote  F  nuclei  by  bonding  electrons  through  ten 
sigma  bonds  is  probably  negligible,  the  dominant  coupling  contributions 
more  likely  arising  froa  non-bonded  electron  interaction.  Through  specs 
coupling  lb  dependent  on  molecular  geometry,  thus  the  geometry  of  the 
molecule  must  allow  for  a  configuration  in  which  the  terminal  CF^  groups 
are  within  at  least  2.5  A  of  each  other .  ^ 

The  nmr  of  CFjS(F)«NC(F) shows  resonances  at  145.2,  81.5, 

I 

72.9  and  11.10  in  the  ratio  of  1:6: 3:1  respectively.  The  following  inter¬ 
action*  are  observed.  (Coupling  constants  in  Hz) 


# — 1.5—4. 
2.5 —♦F  CF. 

4  M  \  3 

CF3  -  S  •  N,  -  C 


tl 


2.5- 


\l 


CP 

T  3 

•  4.3 


the  resonance  st  145.20  assigned  to  the  Isopropyl  fluorine  and  the 
S-F  resonance  st  11.  10  are  complex  nulclplcts  each  being  split  by  all 
the  orher  fluorine  atoms  In  the  molecule.  The  resonance  at  81.50  is 
asslgnt-u  to  the  CF^  groups  attached  to  carbon  and  at  -45°  is  a  doublet 
of  doublets  iron  splitting  by  the  single  fluorine  atoms  on  carbon  and 
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sulfur.  Ac  72.99,  the  resonance  assigned  to  CF^  attached  to  S  is 
split  into  •  triplet  frost  equal  coupling  to  the  two  single  fluorines. 

The  unexpectedly  lergs  coupling  of  the  Isopropyl  fluorine  to  CF^-S  could 
indicate  non-bonded  electron  interaction  but,  if  this  is  the  case,  the 
molecular  geometry  is  such  that  the  remote  CF^  groups  do  not  couple 
significantly  through  space.  Examination  of  molecular  models  renders 
this  latter  contingency  unlikely.  On  the  prealsa  chat  through-bond  spin 
spin  coupling  is  the  predominant  mechanise  and  from  comparison  of  coupling 
constants  in  structural  analoguss,  ths  isopropyl  fluorine  Is  assumed  to 
couple  to  the  two  CF^  groups  on  carbon  more  strongly  than  does  the  S-F, 
however,  this  assignment  la  not  unequivocal.  Decoupling  experiments  wore 
inconclusive. 
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Insertion  of  SO,  ant  CO,  into  (CP,),OMLi 
2  2  3  2 

By  Richard  P.  Swindell*  and  Jaan’na  M.  ShreeveT 
Contribution  from 

Daportnent  of  Chemistry,  University  of  Idaho 
Moscow,  Idaho  63843 

Recently1  we  reported  the  facile  introduction  of  the  hexafluoro- 

Isopropy lldonlmino  group  into  a  series  of  compounds  from  reaction  of 

Li»C(CF3)2  with  inorganic  halides.  On  the  basis  of  these  results  and 

2 

results  from  reaction  of  SF^  with  LiN*C(CF,)>j  we  proposed  that  the 

reactions  proceed  in  an  irreversible  series  of  steps  although  It  was 

not  possible  to  isolate  intermediates  for  other  than  tha  SF  reactions. 

4 

When  LiN'*C (CF  )  reacts  with  SOC1  or  COC1  ,  even  with  the  co- 
3  2  *2  2 

reactants  in  large  excess,  the  major  products  observed  are 
(U‘  ) .(.X^CfCF^NSO  or  (CF^C-NC^F^NCO  with  no  trace  of  the 
symmetrical  sulfoxide  ( (CF^)  2C— N  )2S0  •  or  substituted  urea  I  (CF^) 

In  an  attompc  to  prepare  the  latter  compounds  and  further  substantiate 
the  stepwise  mechanism  s  different  synthetic  technique  was  devised  which 
might  eliminate  the  formation  of  the  postulated  but  unlsolated  inter¬ 
mediate  (CF3)0CC1N-E=0  (where  F.  -  S  or  C). 

Wo  have  observed  that  SO^  and  CO^  Insert  quantitatively  into 
!.l.\»c'(i.T  ) ^  giving  new  lithium  sales  which  are  stable  in  glass  at  25° 
for  extended  periods.  Reaction  of  these  with  SOCl^  or  COCl^  were 
expected  to  form  intermediates  which,  if  stable  to  loss  of  SO^  or  CO 
respectively,  would  react  further  to  form  the  symmetrical  compounds. 

♦  MV  A  Fellow 

T  Air.u  P.  Sloan  foundation  Fellow 

•Jl 
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Op  thv  oeher  hand.  If  tho  intermediates  wove  unstable,  they  should  react 
further  giving  rise  to  rearranged  compounds.  Thus  for  SOCl^: 


L10SN-C(CF,),  +  S0C1, - »{C1?0?N-C(CF3)2)  (A)  t  (CF,)  C»Nl  SO  + 


3  2 


3  2  2 


SO 


OR 


(B)  OSNCC1(CF;j)2  +  S0^l1N-C(CF3)2^  JSNC(CF^)^N,C(CF^)^ 


Experimental  Section 

Insertion  of  SO^  into  (CKj),C"IiLl 

o 

So^  (lOmmol)  was  condensed  onto  (CFj^C-NLi  (7.2  mmol)  at  -196  and 
allowed  to  warm  slowly  to  25° .  After  2  hr  excess  SO^  (2.7  mmol)  wa9  removed 
under  vacuum  leaving  a  finely  divided  cream  colored  solld(I). 

Reaction  of  (1)  and  SOCl^ 

S0C12  (6.45  mnol)  was  condensed  onto  1(2.7  nmol)  at  -196°  and  warmed 

alowly  to  25°.  After  12  hr  the  products  were  separated  by  gas  chromatography 

usinn  a  2  it  202  Kel-F  on  Chromosorb  P  column  to  give  (cr^CfCDN-S-t) 

(7372  yield)  and  (CF)2<>NC (CF^X-S-O1  (16%  yield). 

(CF^) (CC1NS0  is  a  colorless  liquid  with  a  boiling  point  of  90.2° 

obtained  from  the  equation  log  P  •  8.26  -  1954/T.  The  molar  heat  of 

tor  r 

19 

vaporization  Is  8.94  kcal  and  the  Trouton  constant  Is  24.6  eu.  The  .r  nmr 
apectrun  shows  a  singlet  at  76.3$.  The  Infrared  spectrum  is  as  follows: 

1323  m,  1282  vs,  1248  vs,  1198  m,  965  tn,  932  m,  752  v,  725  m  cm"1.  Principal 
peaks  in  the  mass  spectrum  correspond  to  the  Ions  (relative  intensity): 
M-F+(4),  M-Cl+(25),  C3F6ClN+(2),  C3F5NCl+(37) ,  M-CF.,+  (100) ,  C^NSOUS), 
SOCl+(26),  CF^(93),  SCl+(25),  S02+<33),  CF2+(13),  SO+(73). 

/Inal.  Calcd  for  CjClFgNS:  C,  14.54;  Cl,  14.33;  F,  46.1;  N,  5.67; 

S,  12.92;  Found  C,  14.56;  Cl,  14.03;  F,  45.8;  N,  5.71;  S,  12.96. 
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(CF3>2CC1NS0  is  also  fomed  whert  XX  and  S0C12  react. 

Insertion  of  CO  in  (CF  VC-NLi 
_ 2 _ 3  2 

C02  (10  nmol)  and  5  al  of  2-mathylbutane  wore  condensed  onto 
(CF3)2C«NLi  (7  maol)  at  -196°  and  allowed  to  warn  slowly  to  25°.  A 
vigorous  exothermic  reaction  occurred  while  still  cold  which  results 
in  u  detonation  when  no  2-nethylbutane  ie  used.  The  latter  act9  as  a 
heat  sink.  After  1  hr  excess  C02  (2.8  onol)  and  hear,  sink  were  removod 
under  vacuum  leaving  a  finely  divided  crean  colored  solid  (II). 


Reaction  of  (II)  +•  COClj 


COCl,  (8  tjnol)  was  condensed  onto  IZ  (3.8  nnol)  at  -196°  and  warmed 
slowly  to  25°.  After  8  hr  the  products  were  separated  by  gas  chroma¬ 
tography  using  a  2  ft  202  Kel-F  on  Chromasorb  P  column  to  give 
( CF  ) CClN'»O0  (502  yield)  and  (CF^) 2C«NC(CF3) 2N»C»0^  (92  yield). 

(U^^CCINCO  18  a  co*or*<S9S  with  a  boiling  point  of  50.3° 

obtained  from  the  equation  log  P  «  7.81  -  J594/T.  The  molar  heat 
^  e  torr 

of  vaporitat ion  is  7.35  kcal  and  the  Trouton  constant  is  22.7  au,- 
jq 

The  F  r.nr  spectrum  shows  a  singlet  at  77. 4t.  The  infrared  spectrum  is 
as  follows :  2275  vs,  1520  n,  1292  vs,  1248  vs,  1190  m,  1028  s,  9h2  s, 

932  s,  755  m,  722  a  cm  Principal  peaks  in  the  mass  spectrum  .orrespond 
to  the  ions  (relative  intensity):  M-F+(7>,  M-C1*(34),  M~CF3  (100), 
M-ay:i",'(26),  CFClNCO+(31) ,  CF.,NCO+(70),  CF2CN+(9>,  CF  *(61),  CF2N+(57), 
CF2+(9). 


Anal.  Caled  for  C  C1F  N:  C,  21.12;  Cl,  15.60;  F,  50.03;  N,  6.17; 
U  o 

Found  C,  23.00;  Cl,  15.42;  F,  50.3;  N ,  6.23. 

u  i  )  CCIVCO  is  also  formed  when  II  and  (ClC(O)]  or  FOCI,,  react. 
3  2  2  *. 
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Result!  and  Placumalon 

The  synthesis  of  (CP  )  CCIMSO  end  (CP  )  CC1HCO  indicates  tint  chase 

3  2  3  2 

product*  vara  indeed  the  postulated  intermediates  in  th#i  formctlon  of 
(CF3)2C-NC(CF3)2NSO  and  (CP^ONCfCF^NCO  alnca  raaction  of  the.  intar- 
aedlataa  with  L1N«C(CP  ),  glvaa  tha  latter  compound*. 

No  trace  of  ((CV^ONJjSO  or  { (CP3)2OW]2CO  was  obnervad  in  ch* 
above  reict Iona.  Tha  product*  obtaload  Indicate  that  the  proposed  inter** 

0  0  o  Q 

madia t as  (CF^gCMtSOSCl  and  (CP^jC-NCOCCl  ar*  short  lived  alnca  so^  and 
CO^  are  eliminated  at  temperature*  as  low  aa  -30°.  Tha  migration  of 
chloride  and  formation  of  SO^  or  00 ^  can  be  rationalised  from  tha  pseudo 
six  menbered  ring. 


(cr  JjC-n 

?ir\ 

i  vv 

O-'V 


"0 


E  -  S  or  C 


However,  If  ehla  Intermediate  dote  form,  a  competing  mechanism  la 

probably  operative  also  alnca  reaction  of  S0C1  and  II  gives  primarily 

2 

(CP3)2CC1NS0  With  (CF3)2CC1NC0  as  a  minor  product.  Reaction  of  COCl^ 
with  I  glvaa  traces  of  these  compounds  also  but  little  reaction  occurs 
after  12  hrs  at  25°.  Tha  formation  of  these  products  indicate*  that 
nucleophilic  attack  at  tha  electron  deficient  double  bond  may  occur. 


ti 

0 


but  the  lack  of  reactivity  bacwmao  OOCl^  and  I  ie  pussltng.  Isotopic 
libelling  experiments  vould  be  of  help  in  resolving  this  problem. 


Hi 
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SOME  CHEMISTRY  OF  Dl/UJOtOAKINOCA&BQWTL  CHLORIDE.  A  NEW  ROUTE  TO 

PBRFLUOROtmEA. 

by 

Kenneth  J.  Wright**  and  Jsan'ne  M.  Shresve**** 

Abstract .  Improved  yields  of  WF2C(0)C1  ara  obtained  by  short  tar*  (4-6  hr) 

photolysis  of  with  oxalyl  chloride.  Reaction*  of  NF2C(0)C1  with  AgCN, 

Agues,  AgNCO,  Hg(SCF3)2  and  Rg(OR(CF3)2)2  give  tha  new  dif luoroaalnocarbonyl 

pseudoha 1 Idea:  N?2C<0)CHt  NF2C<0)NCS,  H?2C(0)NCO,  NF2C(0)SCF3.  and  NF2C(O)0N(CF3)2. 

With  excess  of  either  AgjO  at  0°  or  HgO  at  -78° ,  NF2C(0)C1  Is  converted  to 

(R?2)2CO  and  COj  in  nearly  quantitative  yield.  Chlorocarhonyl  fluorosulfata 

results  when  NF2C(0)C1  is  mixed  with  82OfiF2  or  BrOSOjF. 

~~ 

This  work  concerns  a  modified  preparation  '  of  dif luoroaalnocarbonyl 

# 

chloride,  N?2C(0)C1,  and  some  of  its  eheaistry  on  which  a  preliminary  report 
has  recently  appeared.*  It  la  now  possibla  to  preparo  tha  coapound  in  amount a 
which  «ake  otudylng  its  cheaiatry  feasible.  Only  with  AgNCS  and  Hg(ON(CF3)2>2 
dose  NF^C (0)C1  undergo  metsthetlcal  reactions  at  or  below  25°.  With  AgCN, 

AgNCO  and  Hg(SCF3>2,  higher  ta*peratares,  longer  reaction  tiaes  and,  in  soma 
caaaa,  recycling  of  unreacted  HFj€(0)Cl  la  neceasery  to  ensure  yields  greeter 
then  SOT.  It  lu  likely  that  perfluorouraa  arlsee  via  decarboxylation  of  an 
unstable  symmetrical  anhydride  intermediate  formed  when  NT2C(0)C1  reacts  with 
either  HgO  or  Ag^O.  This  provides  a  facile,  such  lass  hetardous  route  to 
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He* 't ions  of 


(NF^)^C^  than  the  original  method  of  pvrolyzing  KOT.N^F^. 

NF-,<(0)C1  wlcli  several  oilier  silver,  mercury  and  alkali  metal  salts  which  do 
not  result  In  new  compounds  are  also  described. 

Surprisingly,  both  peroxydisulfuryl  dlfluorlde,  S.jO^Fj  and  bromlna  fluoro- 
sJlfate,  DrOSOjF  form  chlorocarbonyl  f luorosulfate,  ClCfOiOSOjF,*'  at  25° 
with  NF^C (0)C1 .  Other  method*  for  preparing  ClCfO)OS02F,  as  veil  aa  some  of 
lea  reaction  chemistry,  are  detailed  below. 

Experimental 

Caut Ion!— Nitrogen- fluorine-containing  compound*  ara  strong  oxidizing  agents 
and  should  be  handled  with  proper  shielding  and  other  aafety  precautions. 

Although  vc  experienced  no  difficulty  In  handling  these  materials,  it  should 
be  reported  that  the  German  analyst  was  Injured  when  a  sample  of  NF2C(0)NC0 
exploded  in  his  hand.  These  dif luoroaminocarbonyl  compounds  are  very  sensi¬ 
tive  to  hydrolysis  and  can  be  handled  successfully  only  under  highly  anhydrous 
conditions. 

Storting  materials.— Most  .reagents  used  are  available  from  standard  chemical 
supply  houses.  AgNCO,7  Hg<ON(CF3> ,) 2 , 7 ’ 8  Hg(SCF3)2,8 ,9  (CF^NOH.  10 
HgCoSOjF) 2 , ^  Br0S02Ft*^  and  (CFj)2C«NL1^  were  synthesized  via 

literature  methods. 

Preparation  of  Dlf luoroamlnocarbonyl  Chloride,  WTjC(0)Cl. 

Them  am  two  methods  available  for  the  synthesis  of  NF2C(0)C1:  1)  chlorination 

2 

of  NF2C(0)F  with  Al^Cl^.:  and  2)  photolysis  of  a  mixture  of  C1(C0>2C1  and 

3 

N^,  The  former  method  requires  first  ths  preparation  of  NFjCfOJP  (15t  yield); 
then  its  subsequent  conversion  to  NF2C(0)C1  which  occurs  in  rather  high  yield 
(76X)  when  nsol  amounts  are  used.  However,  when  the  conversion  reaction  Is  scaled 
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up  by  16-fold,  none  of  the  carbonyl  chloride  Is  obtained.  Therefore,  we  have 
modified  the  latter  Method  to  Increase  the  coovoralon  of  ci(CO)2Cl  from  20  to  40g 
thun  making  It  a  method  by  which  preparative  amounts  of  NF2C(0)C1  can  be  realised. 

In  a  typical  preparation,  112  torr  (30  amol )  of  CKCOl^Cl  is  placed  in  a 
5  1.  Pyrex  bulb  equipped  with  a  vatar-cooled  quarts  flnqar.  An  additional  168 
torr  (45  mmol)  of  NjF^  le  added  to  the  bulb.  The  Mixture  is  irradiated  for  6  hr 
with  a  Pyrex-f titered,  atedlini  pressure,  450  watt  ultraviolet  lamp  (Hanovla 
L-679A36,  Engelhard  Hanovla,  Inc.)  and  a  crude  separation  la  effected  by  frac¬ 
tional  condensation.  Approximately  18X  of  the  coMplex  product  mixture  Is  not 
condensable  at  -183°  (p^).  The  fraction  stopped  at  -lOJ0  consists  of  —37  nmol 
of  highly  volatile  material,  mostly  N.F^,  NjFj,  FCOC1,  SIF^,  end  NF^Cl.  The 
trap  at  -139°  contains  —10  mmol  of  a  nearly  equal  mixture  of  NF2C(0)C1  and 
C0C12  plus  other  Minor  Impurities.  The  trap  at  -108°  contains  ~31  mol  of  a  simi¬ 
lar  mixture.  The  fractions  at  -108°  and  -139°  are  recombined  and  separated  by 
gas  chromatography  using  a  19  ft  i  0.23  in  o.d.  aluminum  column  packed  with 
20Z  Kel-P-3  oil  on  Chromaaorb  P.  Two  mmol  samples  can  be  successfully  separ¬ 
ated  without  flooding  the  column.  NF2C(0)C1  elutes  before  phosgene.  Great 
care  must  be  taker,  to  keep  the  column  and  collection  system  completely  anhy¬ 
drous. 

Reactions  of  NF..C(0)C1  with  Pseudohalide  Salts. --A  similar  method  is  used 
for  the  preparation  of  all  the  naw  dlfluoroamlnocarbonyl  pseudohalldee .  A 
measured  amount  of  WF2C(0)C1  1#  condensed  into  a  reaction  vessel  containing 
an  excess  of  the  dry  silver  or  mercury  salt.  The  reaction  is  allowed  to  pro¬ 
ceed  at  a  suitable  temperature  for  an  appropriate  length  of  tine  depending 
upon  the  reactivity  of  the  salt.  The  volatile  products  are  removed,  separa¬ 
ted  by  fractional  condensation,  and  any  unreacted  W?2C(0)C1  is  recycled  to 
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the  vi'sjsl  for  additional  reaction.  Both  Pyrex  flasVS  with  Teflon  valves 
and  Kin  In Lees  steel  Hoke  bombs  can  be  used  successfully  (see  Table  l).  All 
reacc  extremely  rapidly  with  water  by  the  following  general  reaction 

NF2C(0)X  *  HjO - -  HNF2  +  C02  *  HX 

where  X  -  CN,  NCO,  NCS,  (CF^jNO,  CFjS 

Ac  25°,  thene  compounds  are  colorless,  with  the  exception  of  yellow  NF2C(0)NCS, 
volatile  liquids  which  are  stable  in  glass  and  in  contact  with  mercury  (except 
NF2c(°)SCF5) .  NF2C(0)NCS  exhibits  some  thermal  Instability  at  25°  to  fora 
a  yellow  polymeric  material.  The  rate  of  decomposition  becomes  very  rapid 
above  60°. 

React  lens  with  salts  which  did  not  produce  new  compounds. 

In  most  cases,  the  ON  bond  of  the  NP.jC(0)Cl  is  cleaved  with  concomitant  lose 

and/or  destruction  of  the  N?2  group.  In  sons  cases,  especially  where  conal- 

« 

derable  heating  is  required  to  produce  reaction,  the  solid  seems  to  catalyze 
the  decomposition  of  NFjCtOjCl  Co  yield  thft  self-f luorinat ion  product  NF2C(0)F, 
Compounds  reacted  with  NF^C(0)C1,  reaction  temperature (e)  and  volatile  pro¬ 
ducts  are  as  follows: 

a)  CFjCOjAg ;  -78  to  25°;  (CFjCOJjO. 

b)  Agbr  or  KBr ;  >100°;  Br2»  NFjClOJF,  NF2C(0)NC0. 

c)  ArI;  25°;  I2,  NF2C(0)F,  NF2C(0)NC0. 

d)  AgClO^;  25°;  hydrolysis  products  of  NF2C(0)C1. 

e)  AgO;  25°i  Cf>2,  NF^,  SIF^,  noncondensable  gas. 

f)  Ag2S;  23°;  NF2C(0)f,  NT2C(0)NCO,  COS. 

g)  NaOCHj;  -106°;  (CHjO^CO,  trace  NjP^. 
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h)  NjiW3  or  KNjj  80°;  C02,  4X  NFjCfOlN.,  k5 

1)  H*(OS02F)2;  100°;  COj,  NjO,  NF2C(C)P,  S02.  Sli^,  FCOC1,  NFjOSOjF. 

1  ^ 

KMR  Spectra  of  NT^CCOlX  Compounds. — Tha  F  nar  spectra  coni  1st  of  broadened 

resonances  for  the  fluorine  bonded  to  nitrogen  but  no  coupling  between  fluor- 

19 

lne  and  nitrogen  Is  observed.  High  resolution  F  n»r  spectra  were  obtained 
with  a  Varian  Model  HA-100  apeccrometar  operating  at  94.1  MHt  with  an  internal 
reference  of  CCl^F. 


Compound 

N-P,  9 

C-P,  9 

JNF-CF’ 

N?2C(0)CN 

-30.8  8 

- 

- 

hf2c(o)nco 

-35.4  a 

- 

- 

NF2C(0)NCS 

-36.0  8 

- 

- 

NF2C(0)SCF3 

-37.4  a 

40.7  t 

3.6 

NF2C(0)0N(CF3)z 

-34.8  a 

68.4  a 

- 

Infrared  date  for  NF,C(0)X  fowpounde . — The  infrared  spectre,  recorded  with  e 
Pcrkln-EL*er  Hodel  621  graving  spectrometer  using  •  J  ca  c«'l  equipped  with  KBr 
windows,  for  theee  five  n«?/  17jC(0)X  compounds  ere:  NFjC.'O  CN,  2243a,  lfiOSve, 
1796vs,  1131e,  988va,  ;89w,  6SVe,  687m,  481v,  470w;  NFjC-.OJICO,  2281ws, 

2220m, eh,  1835ve,  ;814e,ah,  18&i,sh,  1443,  1415m, ah,  1137a  1093«w,  988a, 
820dw,  774b,  613bw;  NTjCfOHCS  -  2035«,ah,  1970ve.br,  1958a  ah,  1816s,  j.240aa, 
1206*,  949m,  898a,  888e.,  864ea,  733a;  H72C(0)SCT3  -  I956vs,  I8l6aa,  1787bs, 
1197s,  1145b,  1120s,  1C64b,  938«,  I04s,  765«;  NF2C(0)ON(CP3: ,  -  1885s,  1384w, 
1322vs,  1270vs,  I238vr,,  122le,  U91«,  1158n,  1060s,  1013m,  ‘Urns.  960mw,th, 
885m,  794w,  716b,  713*,  t59w,  c*“l. 

Preparation  of  Ferf luoro'ras,  (WTj'jCO.  — In  e  typical  preparation  of  perfluoro- 
urea,  1  mmol  of  NFjCf'JCl  is  cond  nsed  Into  a  65  «l  Pyrex  flan  containing 
15  6  wool  of  dry,  -nused  yellow  gO  and  the  reaction  proceed#  ijr  2.5  hr  at 
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-78°.  Th«  volatile  product*  (1.12  enol)  are  (N?2>2CO,  CO^  and  traces  of 
N?2C(0)F  and  HNFj.  *n  *  two  stage  purification,  the  products  are  separated 
first  by  fractional  condensation  In  traps  st  -110  or  -118°  (NP2C(0)C1), 
at  -138°  ( (NF^ ) 2^-0  contaminated  with  hydrolysis  product  HHPj),  end  at  -183° 

(COj  and  MFjC(O)P),  Final  purification  of  perfluorourea  ip  attained  by  re¬ 
moval  of  HHT0  using  5A  molecular  sieves  (30/60  granular,  U'llktns  Instrument 
and  Research,  Inc.),  The  sieves  are  carefully  predried  by  strong  heating  under 
dynamic  vacuum.  The  best  result*  are  obtained  by  condensing  the  perfluoro- 
urea-dlf luoramlne  mixture  onto  the  sieves  st  -183°,  warming  the  flask  to 
23°  over  a  3  min  period,  and  then  immediately  removing  the  volatile  material. 
The  yield  of  (NF^CO  is  >  952.  Contact  tinea  longer  than  10  min  reault  in 
poor  recovery  of  (NP^^CO  an  well  as  tha  formation,  of  some  noncondensable  gas. 

Sllver(l)  oxide  may  also  ba  used  to  prepare  (NF^CO  but  longer  reaction 
time  nnd  higher  temperature  are  required.  In  a  typical  preparation,  0.5  mmol 
KFjC(0)Cl  la  allowed  to  react  with  ll  mmol  of  dry  Ag2^  in  •  63  ml  Pyrex  flank. 
After  21  hr  at  0°,  the  volatile  products  ware  fractionated  with  trapa  at  -183 
(0,346  mmol  C02  and  NF2C(0)F),  -138  (0.21  mmol  of  nearly  pure  (NF^CO),  -120 
and  -110°.  The  latter  two  trapa  are  essentially  empty.  Tha  yield  of  (HFjJjCC* 
ia  -822, 

Spectral  properties  of  (NFj)jCO.— Infrared  band*  appear  at  1866a,  1859a, 
1806w,ah,  1151m,  979r*a,  931va,  847a, tr,  721a, hr,  472v,  331m  and  25iw,  cm-1. 

Tha  ultraviolet  upectrua  was  recorded  on  a  Perkln-Elmer  Model  202  spectrophoto¬ 
meter  using  a  sample  at  0.7  torr  In  s  10  cm  quarts  cell.  In  the  range  from 
190-390  na,  one  broad  absorption  was  obstrvad  with  s  maximum  at  202  cut. 

1  Q 

The  F  nar  spectrum  was  obtained  on  a  20  aola-X  solution  in  CFCl^  as  a  single 
broad  resonance  at  -33.46  (vs  -30.8  ppm  with  external  reference).  Tha  mass 


1  U2 


spectrum  which  wan  recorded  at  70  ev  shows  no  molecular  ion  hut  trugments  of 

hydrolysis  products  are  present.  The  base  peak  la  NF.,+  and  the  spectrin 

*4*  ^ 

includes  (m/e,  species,  relative  %age>:  18,  H2O  ,  25.3;  20,  HF  ,  7.0;  28, 


co+, 

N  + 

*2  , 

61.3; 

30, 

N0f,  6.4;  32 

.  4- 

*  ^2  • 

11. 

,7;  33,  NF+,  49.6;  34,  HNF+,  20.6; 

A2, 

NC0+, 

14.6; 

A3, 

HNCO+,  6.0; 

44,  CO 

4- 

2  » 

78.2;  47,  C0F+,  22.3;  52,  NF2+, 

100; 

53, 

hnf2+. 

29. 

8;  61,  FNCO^, 

52.8; 

63, 

,  FC02+,  6.7;  66,  COF2+,  4.5;  69, 

0F3+,  7.9;  80,  F2NC0+,  54.6;  113,  F2NC0NF+,  trace. 

Pny.ir.it  Ion  of  Chlorocarbonyl  Fluorosulfate. --There  are  four  methods  by  which 
thl-4  compound  can  be  prepared  but  tho  first  two  are  impractical  on  the  prepara¬ 
tive  scale.  Method  four  is  the  most  useful.  1)  NT2C(0)CI  ♦  S^O^Pj,  in 
equimolar  amounts  (0.5  mmol),  are  held  in  a  Pyrex  tube  for  10  hr  at  25°  and  give 
equal  quantities  of  NF20S02Plb  and  ClC(O)OS02F.  2)  NF2C(0)CI  4-  Br0S02F, 
iu  equimolar  amounts  (0.5  anol),  are  held  in  a  Pyrex  tube  for  1  hr  at  25°  and 

react  according  to  NF2C(0)C1  +  BrO^OjF - >  C1C(0)0S02F  +  4-  Br2. 

3)  BrOSO.,F  (1  mmol)  4-  C0C12  (7.3  mol),  after  16  hr  at  -65°,  gave  C1C(0)0S02F 

(0.54  mmol,  542  yield)  and  BrCl.  4)  The  thermal  reaction  between  (C0C1)_ 

2 

and  S,O^F2  gives  yields  of  C1C(0)0S02F  which  are  superior  to  those  obtained 
via  photolysis,  but  each  method  has  an  advantage,  a)  In  a  typical  thermal 
reaction,  2.1  mmol  each  of  (C0C1)2  and  are  heated  slowly  to  43°  for  30  hr 

in  a  150  ml  Pyrex  glass  tube.  The  products  are  separated  by  use  of  traps  at 
-133°  (1.3  mnol  C0C12,  CO.,  and  Cl2>,  -95°  (0.1  mmol  SjO^F,,),  -78°  (2.46  mmol 
ir.pure  C1C(0)OS07F,  582  yield),  and  at  -47°  (trace  C l (CO) -OSO^F) .  Carbon 

*■  4  «. 

ironoxide  formed  passed  a  trap  at  -183°. 

vrhen  equlmolac  amounts  of  (COCl)2  nnd  SjO^F^  are  thermolyzed ,  the 

Cir (diOSO.F  which  is  trapped  Is  contaminated  with  unreacted  S,0,Fo  from  which 
*■  2  n  4m 


It  cannot  be  eaelly  separated  by  fractional  condensation.  The  best  procedure 
Is  to  use  an  excess  of  (C0C1)2  (30-501)  and,  since  it  cannot  be  separated 
efficiently  from  the  product  by  fractional  condensation,  to  destroy  the  un- 
reacted  (COCl)^  in  the  product  mixture  by  photolysis  through  Pyrex. 

h)  In  a  typical  photochemical  preparation,  1.0  tmaol  each  of  (C0C1)2  and 
^2^6*’' 2  are  *trad*ate<*  through  Pyrex  for  4.5  hr  in  a  Srinivasan-Crif £  in  re- 
Actor  equipped  with  sixteen  21-watt  3000A  uv  lamps.  Fractional  condensation 
of  the  products  gives  iti  a  trap  at  -183°  (1.33  mmol  C0C12  and  Cl2),  at  -78° 
(0.74  mmol  C1C(0)OS02F,  ~37*  yield),  and  at  -47°  (trace  eiC(0)0S0.,F) . 

Chlorocarbonyl  fluorosulfate  of  good  purity  was  then  obtained  by  allow- 
I n v;  die  product  from  a)  or  b)  to  slowly  pass  a  trap  at  -47°  and  to  stop  in  a 
trap  at  -64°.  Final  purification  was  achieved  by  gas  chromatography  using 
a  3  ft  x  0.25  in  202  FS-1265  on  ....akrotn  Tee-Six  column  at  25°. 

Properties  of  Chlorocarbonyl  Fluorosulfate. — ClC(0)0S0?F  is  a  colorless,  dense 
liquid  with  a  vapor  pressure  of  about  100  torr  at  25°.  It  dissolves  readily 
in  haiocarbon  greases  to  give  a  characteristic  brown  viscous  mess  which  makes 
handling  it  in  gear  with  Teflon  or  metal  valves  necessary.  A  glass  is  formed 
when  ClC(O)0S02K  is  cooled.  An  experimental  molecular  weight  of  lbl.8  (162.5) 
was  obtained.  Anal .  Calcd.  for  C1C(0)OS02F:  Cl,  21.81;  F,  11.7;  S,  19.73. 
Found:  Cl,  21.55;  F,  11.5;  S,  19.97.  Infrared  spectral  hands  occur  at  1830s, 
1492s,  125/s,  1016vs,  87lm,  841s,  782m,  657w,  and  :.7?s,  era  The  nuclear 

magnetic  resonance  spectrum  consists  of  a  single  peak  at  -44.76.  in  the  maa9 
spectrum  no  molecular  ion  occurs,  hut  u  fragment  M~C1+  is  observed. 

Rear-  -lens  of  Chlorocarbonyl  FI  *  ..-rosulfate  ■ — The  following  reactants  and  condi¬ 
tion:  were  us«  i  and  products  formed.  Invariably,  tu  j  C-0  bond  is  broken. 
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a)  Ml3  (N2  diluent);  0°;  C02,  C0C1.,,  C0FC1,  COF,,  UNCO,  RO^Fj,  NH^+  salt. 
!>)  (CH3)2NH;  25°;  C02,  COCl.,,  SO,?,,  RiF^,  white  solid, 

c)  AgNCO,  -73°;  COj,  COClj,  SiF^. 

u'  (CF,)0C«N1.1 :  -78°;  COClj,  unidentified  isocyanate. 

»*)  KF;  50°;  No  reaction. 

f)  CsF;  50°;  C0C12,  COj,  COF.,,  SOjFj,  C0C1F. 
g'  ArK,;  25°;  C02,  C0F2,  C0C1F,  SiF4 ,  S^O^. 

Ke.su Its  and  Djscussion 

Oxnlyl  chloride  when  photolyzed  with  an  excess  of  N0F,  through  Pyrex  glass 
for  several  hours  is  more  than  40X  converted  to  NF2C(0)C1  and,  while  large 
quantities  of  other  volatile  products  are  formed,  preliminary  trap-to-trap 
separation  followed  by  gas  chromatography  permits  good  separation  of  the 
NF,C(0)C1.  Phosgene  is  the  most  difficultly  separated  contaminant. 

a* 

25° 

N.,F4  +  (C0Cl)o - *SF,fc<0)Cl,  N2F2,  rcoci,  C0C12 

I’ytex 

hv 

111 rher  energy  radiation  allows  generation  of  a  higher  concent  rat i6n  of  *C(0)C1 
ladirals  but  no  N’F,C(0>C1  can  bo  isolated  under  these  conditions  probably  due 
to  -hourly tic  decomposition  ut  the  product.  In  Pyrex  glass,  there  Is  no 
evidence  of  decomposition  of  NF2C(C)Cl  below  180°  at  which  temperature,  after 
]  '  hr,  traces  of  NF,C(0)F  and  CO  begin  to  appear.  At  240°,  complete  degra- 
J  it  ior  occurs  to  produce  C 00,  SiF4»  N,F4,  C0C12,  C0C1F  and  Cl0.  At  inter- 
meul.ite  temperatures,  the  decomposition  appears  to  proceed  initially  via  a 
seLt--  1  uorin.it ion  reaction 

..Nr^:(i))Cl - *2NF2C(0)F  +  NF2C(0)NC0  +  CO  +  2C12 
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'Hydrolysis  occur*  very  readily  with  only  traces  of  moisture  making  anhydrous 

NF,C(0)C1  +  HjO - *HNF2  4-  HC1  +  C02 

conditions  an  absolute  necessity. 

Hi f 1 uo roam i no carbonyl  chloride  is  completely  consumed  after  40  min  upon 
contact  with  carefully  dried  AgSCN  at  25°,  the  malor  product  being  NF0C(0)NCS 
(94  yield).  Some  NFoC(0)F  and  COF2  are  also  formed*  the  respective  amounts 
increase  with  reaction  time  and  at  the  expense  of  the  S’F2C(0)NCS.  Ihis  com¬ 
pound  is  a  faintly  yellow  liquid  which  freezes  to  a  white  solid  and  which 

t' 

at  2S  cntrmefices  to  decompose  slowly  to  a  yellow  polymeric  material.  Decompo¬ 
sition  h. -comes  appreciable  above  60°  and  precludes  the  determination  of  a  nor¬ 
mal  boiling  point  although  the  vapor  pressure  is  about  29  torr  at  25°. 

Recycling  of  difluoroaainocarbonyl  chloride  is  necessary  after  initial 
contact  with  AgCN,  Hg(SCFj),,  and  Hg(ON(CFj)2) 2  at  various  temperatures  for 
several  hours  in  order  to  completely  consume  the  NF2C(0)C1.  Although  pre¬ 
vention  of  the  hydrolysis  of  these  compounds  is  difficult,  it  is  Imperative 
with  NF.,C (O)CN  because  of  one  of  the  hydrolysis  products,  HCN,  is  impossible 
to  rerove  by  fractional  condensation  and  attempts  to  remove  it  with  4\  mo¬ 
lecular  sieves  or  gas  chromatography  were  unsuccessful. 

Fo-  the  mercury  salt  reactions,  tenperature  control  as  v/ell  as  temperature 
range  urc:  important  since  altering  the  temperature  by  a  few  degrees  can  cause 
the  reaction  to  proceed  to  an  entirely  different  set  of  products.  When 
NF2C(0)C1  was  treated  with  nercurv(Il)  bis (trif luororaethyl )nitroxide , 
Hg(0N’(CF^)n)o,  at  0°.  ( (CF^)  ^NO)  and  were  the  only  volatile  products. 

After  lowering  the  reaction  temperature  to  -78°,  NF^C (O)ON(CF^) 2  was  obtained 


in  19%  yield  but  ((CPjJjNOJjCO  was  by  far  the  major  component  (71%).  How¬ 
ever,  at  -95°,  the  yield  of  ((CF^NOJjCO  falls  to  -25%,  and  NF2C(0)ON(CF3)2 
Increases  to  69.5%  after  a  single  recycle  to  utilize  the  Nf^CfOjCl  completely. 
While  tether  examples  of  displacement  of  *NF2  by  (CF^JjNO*  or  HgfONCCFjj^Jj 
arc  not  known,  Hg(ON{CF3),)2  can,at  low  temperatures,  cause  II,  o^  X  (F,  Cl,  Br, 
I)  to  be  displaced  or  replaced  in  a  variety  of  organic  and  Inorganic  mater¬ 
ials.  Although  NF2C(0)0N(CF3>2  is  stable  at  least  to  its  boiling  point  (36.8°) 
whether  or  not  it  is  stable  to  further  attack  by  HgfONfCF^^^  aC  25  or  0° 
is  unknown.  This  would  bo  helpful  in  understanding  Lhe  production  of 

(<cf3)2no)2co. 

An  alternate  synthesis  of  MF^CfOlCNfCF^Jj  is  provided  not  unexpectedly 
hv  the  reaction  between  NKjCfO)?  and  (CF^KNOH  at  -50  to  -73°  in  the  presence 
of  excess  dry  CsF  for  several  hours.  Some  ( (CF^J^N'O^CO  is  formed  also  which 
makes  this  reaction  analogous  to  that  of  (CF,),,NOH  with  COF,  or  COCl.,1^  using 

J  L,  *,  tm 

the  same  conditions  where  the  majority  of  product  is  the  mono  or  disubsti- 
tuted  carbonyl  depending  on  the  relative  amounts  of  reactants. 

Reaction  temperatures  in  excess  of  63°  result  in  the  production  of  large 
amounts  of  NF,C(0)F,  SiF^,  COF2  and  CC-,  at  the  expense  of  NF0C(O)SCF3  in  the 
reaction  of  (CF^S^hg  with  NFjCCOJCi.  After  3  hr  contact  of  NF^CfOlCl  with 
HgiSCFj),  at  65°  and  a  single  recycle  of  the  unreacted  XF^tl(0)Cl,  an  80% 
yield  of  NFoC(0)?CF3  Is  realized.  in  order  to  free  Ni^CiOJSCF^  from  the 
small  quantity  of  CF^SSCF^  formed  in  the  reaction,  r,as  chromatographic  se¬ 
paration  is  necessary. 

Photolysis  o’"  thermolysis  of  NK,C(0)ON (CKj),  does  not  result  in  dreer- 
hoyvl.tion  to  form  an  unsvnmotr ical  hydrazine  but  rather,  e.g.,  after  9  hr 
at  1  < ,r* ,  all  Ins  been  converted  to  FC(0)ON(CF,).,,  CF,N=CF.,,  CF-NCO,  SiF,  , 

J  Z  >  *  i  >4  ? 
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NO,  (CFjJjN’H  and  noncondensabla  gases,  Nj  and  CO.  No  attack  wan  observed 

» 

by  photolysis  thorough  a  Vycor  filter  while  irradiation  through  quartz  produced 

i  1  * 

approximately  the  same  products  as  thermal  decomposition  although  at  a  faster 
rate.  , 


Molecular  Ions  are  not  observed  in  the  mass  spectra  for  any  of  the 
NF2C(0)X  compounds  and  fragments  arising  from  hydrolysis  products  are  present 
in  all  spectra.  For  compounds  in  which  the  CF^  moiety  occurs,  the  CF^+  ion 
Is  the  base  peak  whereas  in  NF2C(0)CN,  and  NF2C(0)NCS,  M-NF2+  tl  tbo  base 
peak. 

X  \  \ 

1  A 

Although  perfludrourea,  (NF2)2CO  does  result  from  the  pyrolysis  at  95 
of  KOCNjF.,'  this  method  is  involved,  hazardous  and  the  yield  is  low.  ^  We 
find  that  while  both  Ag20  and  yellow  HgO  will  convert  NP2C(0)C1  to  ^NF2>2CO, 
probably  through  an  anhydride  Intermediate  which  rapidly  decarboxylates,  the 
product  is  formed  at  lower  temperature  and  nearly  quantitatively  with  HgO. 


NF„C(OYCi - 

*  -78° 


0«\,C(O)O(O)CNFO 


(NF2)2CO  +  co? 


Dif luoroamlnocarbonyl.  chloride  with  an  excess  of  Ag20  gives  (NF-,)2CO  in 
yields  exceeding  802  wh^h  the  reaction  is  carried  out  at  0°  for  20  hr  whereas 
(NF2)oC0  Is  produced  essentially  quantitatively  at  *78°  after  2-3  hr  with 
yeilow  HgO.  The  amount  of  NF2C(0)F  formed  at  the  expense  of  the  (NF^CO 
may  be  reduced  by  limiting  the  contact  time  of  (NF2)2CO  with  the  solid. 

Tetraf  luor^ourea  is  extremely  water  sensitive,  even  more  so  chan  ^F.,C(0)C1 
or  NF2C(0)F,  and  can  be  handled  successfully  only  under  "bone-dry”  conditions. 
The  reactivity  of  HgO  is  greatly  reduced  after  one  reaction  and  for  greatest 
efficiency  should  be  fresh  for  each  reaction.  1  \ 

Per f iuorourea  appears  to  be  thermally  stable  in  Pyrcx  to  80°  where  self- 


\  • 
i 


rluorinstion  begins  to  produce  N?2C<0)F  and  noncondensable  products  (N2  by 

m  iss  spectrum).  At  140°,  the  rate  of  thermal  decomposition,  becomes  appreciable, 

\ 

.ui-i  the  tirst  trace' of  kiF^  appears.  The  quantity  e»  Nr,<\'o)i-  '  lv.  In  l  she*:.  at 

\ 

160  ,  until  finally  at  180°  the  cohdensable  pyrolvsts  products  consist  of 

i 

SIF^ ,  fci)F2  and  N2F4.  When  equimolar  amounts  of  (NF,),C0  and  FNO  are  com¬ 
bined  in  n  95  ^ml  Monel  bomb  at  25°  and  at  -78°,  the  products  arc  N2F^,  C0F2, 


NO  and  some  KF-CfOjF  with  no  evidence  for  a  nitrite  as  l*.  observed  for  tlie 

18 

analogous  reaction  between  (CF^l^CO  and  FNO. 


Chloro:arbonyl  f luoroaulfate  can  be  prepared  in  fair  yields  by  photoly¬ 
sis  or  thermolysis  of  a  mixture  of  S2O^F2  and  (COCi).,  which  sup.cesta  combination 
of  FS0,O*  anc  *C(0)C1  radicals.  Tt  undergoes  slow  hydrolysis 


C1C(0)0\02F  h2o 


HC1  +  C02  +  HOSU,F 


CiC(0)0S0,F  is  stable  in  Pyrex  glass  up  to  100  where  ic  slowly  ronjaences  to 
>;ivj  traces  of  CCCl^,  C02  and  noncondensable  gas.  At  160*,  thermal  decompo¬ 
sition  is  completi!  \ 


CO,  +  COCI,  +  SiF, 


CLC(0)0S0,V 


A. though  not  the  btat  preparative  methods,  the  more  interesting  cheraicilly  are 
the  rcactiv'ns  of  NF.C(0)C1  with  and  with  HrOSrt?F  where,  In  each  case, 

the  production  of  C1,C(0)0S02F  is  not  the  one  predicted  bused  on  the  previous 

i 

chemistry  of  SjO^Fj  ov  Br0S02F  where  chlorine  would  invariably  bp  attacked  or, 
as  above  with  Hg(0H(C-'^)2,  at  warmer  temperatures,  both  the  C-N  and  C-Cl 
bonds  would  be  severe!.. 

The  unexpected  reaction  behavior  of  C1C(0)OS02F  in  which  the  C-0  bond  is 


*  ub 


r* 


."iiM'aront  l*  flu*  weakest  may  a*.  Ho  inns  the  lxt.r,,ir.o  stability  of  the  fiucro- 
•niil.i'v  r.i.P %»••!,  **tit  wiMt.-.'cr  the  ..itiio,  this  l\u:l  t-rer  I  tides  its  .is  it 
••y.itnel  ;»•  rc  »»m  , st  i«i.ier  ti«»r  c.>:»d  it  i.*as  tried  here. 

Arkii.wl  cdftiaet;  t  v 

Fluor  1  tut  research  at  the  University  of  Idaho  is  '•minsort'l  bv  the  Office 

cl*  Naval  Research  and  the  National  Science  Foundation.  We  t».*n!.  Ur.  L.  M.  Znbo- 
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row-il.f  .oul  :>r.  D.  T.  Sauer  for  F  nrr  spectra  and  Dr.  R.  A.  Do  Marco  tor 
i'm*  :  spectra. 
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